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Abstract

Purpose To investigate the protective effects of p-allose,
a rare sugar, on pressure-induced ischemia during vitrec-
tomy in the rabbit eye.

Methods The rabbits underwent pars plana vitrectomy,
and continuous intraocular irrigation at a perfusion pres-
sure of 140 mmHg was performed for 45 min. Intraocular
pressure was regulated by adjusting the height of a bottle of
balanced saline solution containing p-allose. Morphometric
studies were performed to study the effects of p-allose on
the histological changes induced by ischemia in the rabbit
retina. Electroretinograms (ERGs) were taken before and 1
and 7 days after vitrectomy. Nitroblue tetrazolium was
used as an index of superoxide anion (O3 ) generation.
Data were analyzed by use of the unpaired Student’s ¢ test.
Results Seven days after ischemia, significant reductions
in both number of ganglion cells and the thickness of the
inner plexiform layer were observed. p-Allose significantly
inhibited ischemic injury of the inner retina (P < 0.05). On
postoperative day 7, amplitudes of ERG b-waves were
significantly lower in the control group than in the p-allose
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group (P < 0.05). p-Allose suppressed the production of
0,

Conclusions Intraocular irrigation with p-allose during
vitrectomy may protect the retina against ischemia-induced
damage.

Keywords p-Allose - Neuroprotection - Retinal
ischemia - Superoxide anion - Vitrectomy

Introduction

Rare sugars are monosaccharides that exist in nature in
limited quantities only. Whereas naturally abundant
monosaccharides such as p-glucose and p-fructose are
few in number, more than 50 kinds of rare sugars have
been identified. p-Allose is a rare aldo-hexose sugar
produced from D-psicose by enzymes from microorgan-
isms [1]. Murata et al. [2] examined the scavenging
activity of p-allose using electron spin resonance. They
showed that p-allose inhibits the production of reactive
oxygen species (ROS) in a dose-dependent manner. Fur-
thermore, we recently reported that p-allose might protect
neurons against retinal ischemia-reperfusion injury by
reducing extracellular glutamate and attenuating oxida-
tive stress [3].

Improvements in the techniques of pars plana vitrec-
tomy (PPV) have resulted in better prognosis for vision-
threatening eye diseases such as macular hole, epiretinal
membrane, retinal detachment, and proliferative diabetic
retinopathy (PDR). However, optic nerve atrophy after
successful PPV for diabetic retinopathy is one of the most
serious complications and can lead to blindness [4].
Because the extent of autoregulation in the retina and optic
nerve head is limited, high infusion pressures during
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vitreous surgery may cause retinal ischemia and lead to
damage of the retina and optic nerve.

During or after ischemia, ROS such as hydrogen per-
oxide (H,0,), superoxide anion (O5") and hydroxyl radical
(OH™) can be produced in large quantities and act as
cytotoxic metabolites. ROS have been implicated in the
process of apoptosis, because treatment of cells with ROS
can result in this form of cell death, whereas application of
antioxidants can prevent it under some conditions [5, 6].
ROS scavengers have been shown to be neuroprotective
against ischemia in acute experimental models [7].

The purpose of this study was to investigate the pro-
tective effects of p-allose on pressure-induced ischemia
during vitrectomy in the rabbit eye.

Materials and methods
Animals

Female New Zealand White rabbits, weighing 2.0-2.4 kg,
were obtained from Kitayama Labs KK (Nagano, Japan).
The rabbits were anesthetized by intraperitoneal injection
of ketamine (50 mg/kg) and xylazine (10 mg/kg). Animal
care and experiments followed the standard guidelines for
animal experimentation of Kagawa University Faculty
of Medicine and adhered to the ARVO Statement for the
Use of Animals in Ophthalmic and Vision Research.
The animals were divided into two groups according to the
intraocular irrigating solutions they received: the vehicle

group, using a balanced saline solution (BSS) alone, and the

p-allose group, using BSS + p-allose (2%).
Vitrectomy and subsequent vitreous perfusion

A 250-ml bottle of intraocular irrigating solution (BSS;
Alcon Laboratories, Fort Worth, TX, USA) was sus-
pended approximately 100 cm above the eye level of
each rabbit, and connected to a 20-gauge infusion can-
nula through a 200-cm-long tube. The infusion cannula
was inserted through the sclerotomy in the inferonasal
quadrant 3 mm posterior to the limbus, and sutured in
place. A vitreous cutter (MVS XX; Alcon) was placed
through the sclerotomy in the supratemporal quadrant,
and vitrectomy was then performed for 10 min. The
vitreous cavity was irrigated during vitrectomy either
with BSS alone or with BSS + p-allose. Adequate illu-
mination was provided by a paraxial light operation
microscope without intraocular fiberoptic illumination. If
retinal tear or retinal detachment occurred during vit-
rectomy, those animals were excluded from the experi-
ment. After completion of the vitrectomy, the cutter was

removed and the sclerotomy wound was tightly sutured
using a 7-0 vicryl. Intraocular pressure (IOP) was raised
to 140 mmHg for 45 m by elevating the solution bottle.
Retinal ischemia was confirmed by whitening of the
fundus. Rectal temperature was monitored throughout
the surgery. Because body temperature during vitrectomy
in acute ischemic eyes may affect ischemia-induced
retinal damage [8, 9], rectal and tympanic temperature
was maintained at approximately 37°C by use of a
feedback-controlled heating pad (BRC, Nagoya, Japan)
during the operation. After restoration of blood flow, the
temperature was continuously maintained at 37°C. Eyes
were ftreated topically with levofloxacin (Santen Phar-
maceutical, Osaka, Japan) after surgery to prevent post-
operative infection.

Electroretinograms (ERGs)

Before surgery, ERG responses were measured after
20 min of dark adaptation using a recording device (Mayo,
Aichi, Japan). The procedure was repeated on postopera-
tive days 1 and 7. ERGs were recorded by positioning the
rabbit in a box and placing a xenon lamp 15 cm in front of
the eye. A flash of maximum intensity 20 J provided
photostimulation. A contact lens electrode was placed on
the cornea, and a reference electrode subcutaneously at the
vertex. ERGs were taken of both eyes for each animal. The
a- and b-wave amplitudes of each operated eye were shown
as a percentage of those in the pre-operated eye.

Histological examination

For histological examination, the rabbits were anesthetized
by intraperitoneal injection of ketamine and xylazine
1 week after ischemia and perfused intracardially with
phosphate-buffered saline (PBS), followed by perfusion
with 4% paraformaldehyde in PBS. Eyes were removed
and embedded in paraffin, and thin sections (5-um thick-
ness) were cut using a microtome. Each eye was mounted
on a silane-coated glass slide and then stained with
hematoxylin and eosin (HE).

Morphometric analysis was performed to quantify
ischemic injury. The sections for analysis were selected
randomly for each eye. A microscopic image of each
section within 0.5-1 mm of the optic disc was scanned. In
each computer image, the thickness of the inner plexiform
layer (IPL) and inner nuclear layer (INL) at the tire frame
were measured. Finally, in each eye, the thicknesses of the
IPL and INL were obtained as the mean values of five
measurements. For each animal, these values for the right
eye were normalized to those for the intact left eye and
shown as a percentage.
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Retrograde labeling of retinal ganglion cells (RGCs)

Seven days before the rabbits were killed, the optic nerves
were exposed by lateral orbitotomy. Using a Hamilton
syringe, 10 pl of a 0.1% fluorescent dye (Fast Blue;
Polysciences, Warrington, PA, USA) was injected into the
optic nerve 2 mm behind the eyeball. Care was taken not to
injure any blood vessels, especially the ophthalmic artery
that enters the sclera from the ventral margin of the optic
nerve. After the surgery the eyes were treated topically
with levofloxacin.

Assessment of RGC survival

Animals were killed by an overdose of ketamine and
xylazine 1 week after the fast blue application. Whole, flat-
mounted retinas were then assayed for the retinal ganglion
cell density. The rabbit eyes were enucleated and fixed in
4% paraformaldehyde for 10 h at room temperature. After
removal of the anterior segments, the resulting posterior
eyecups were left in place. Subsequently, 4 radial cuts were
made in the periphery of each eyecup, with the retina then
carefully separated from the retinal pigment epithelium. To
prepare the flat mounts, the retina was dissociated from the
underlying structures, flattened by making 4 radial cuts,
and then spread on a gelatin-coated glass slide. Labeled
RGCs were visualized under a fluorescence microscope
(Olympus BX-51/DP70; Olympus, Tokyo, Japan) by using
a filter set (excitation filter 330-385 nm; barrier filter
420 nm; WU; Olympus). Fluorescence-labeled RGCs were
counted in 12 microscopic fields of retinal tissue from 2
regions in each quadrant at 2 different eccentricities, cen-
tral and peripheral. We counted the RGCs in each eye by
using Image-Pro Plus software (Version 4.0; Media
Cybernetics, The Imaging Expert, Bethesda, MD, USA).
Cell counts were conducted by the same person in a

masked fashion, with the identity of the original retinas
unknown to the investigator until all cell counts from all the
different groups were completed. Changes in the densities of
the RGCs were expressed as the RGC survival percentage,
which was based on comparison of the surgical and contra-
lateral control eyes. The specimens that were compared came
from different retinal regions of the same animal.

O, analysis

O, generation was determined by measuring the reduction
of nitroblue tetrazolium (NBT) to a diformazan precipitate
as previously described [10]. NBT (50 mg/ml; Research
Organics, Cleveland, OH, USA) was dissolved in dimeth-
ylformamide (DMF) and distilled BSS. The final DMF
concentration was 10%. Reduction was detected by intra-
vitreal injection of 5-pl NBT solution in the period after
vitrectomy before ischemia. For observation of the difor-
mazan precipitate, a microscope (S5; Carl Zeiss, Miinchen,
Germany) was used with a 3CCD digital camera (MKC-
507; Ikegami Tsushinki, Tokyo, Japan) and recorded using
a DVD recorder.

Statistical analysis

Image analysis was performed with Image-Pro Plus soft-
ware (The Imaging Expert) to assess O, generation area
density. We determined the total blue-stained area indi-
cated O, generation area. Evaluation by Image-Pro Plus
analysis of photographs was performed blind by two
researchers not directly involved in this study and the
generation area was automatically produced by the soft-
ware. All statistical values are presented as mean = stan-
dard deviation (SD). Data were analyzed by use of the
unpaired Student’s ¢ test. Values of p < 0.05 were con-
sidered statistically significant.

Fig. 1 Light micrographs of a cross-section of a hematoxylin and
eosin histology through normal rabbit retina and b 7 days after
ischemia with balanced salt solution (BSS) alone, or ¢ BSS +
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p-allose. Cell loss in the ganglion cell layer (GCL) and reduced inner
nuclear layer (INL) thickness were ameliorated in the p-allose group.
Bar 10 pm
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Fig. 2 Percentage changes relative to control values in the thick-
nesses of the IPL and INL 7 days after ischemia with BSS alone and
BSS + p-allose. Black bar p-allose group, white bar vehicle group.
Administration of 2% p-allose significantly prevented the reduction in
the number of cells in the GCL and the thickness of the INL. Results
are expressed as mean =+ standard deviation (SD). *P < 0.05

Fig. 3 Effects of p-allose on a
ischemia-induced retinal
ganglion cell (RGC) death.

a Retrograde labeling of RGCs
in nonischemic eyes, and

b 7 days after ischemic injury
treated with vehicle or p-allose.
Bar 100 pm. RGCs were
counted in the central and
peripheral areas. Gray bar
p-allose group, black bar
vehicle group. Graph depicts the
mean =+ SD for three rabbits
treated with vehicle and three
rabbits treated with p-allose.
*P < 0.05
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Results

Histological change in the retina after ischemia
with and without p-allose

Figure 1a shows a normal retina. Light-microscopic pho-
tographs were taken 7 days after ischemia (Fig. 1b, c). The
retina of the untreated eye in the animals, was used as
control. In the vehicle group, significant reductions in the
thickness of the INL were observed. The thickness of the
IPL was 61.6 £ 13.0% that of the control and the thickness
of the INL was reduced to 61.8 & 12.2% that of the control
(n = 6; Fig. 2). In the p-allose group, the thickness of the
IPL was 94.2 4 11.1% that of the control and the thickness
of the INL was 82.9 + 19.4% that of the control (n = 5;
Fig. 2). Reduced INL thickness was ameliorated in the
p-allose group.
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Fig. 4 a On postoperative day 7, the a-wave amplitude was
78.4 £ 12.3% in the p-allose group and 82.3 & 19.6% in the vehicle
group. Gray bar p-allose group, black bar vehicle group. b The
b-wave amplitudes were 94.1 £ 19.8 and 64.3 & 7.9%, respectively.
On postoperative days 1 and 7, the mean amplitude of the b-wave for
eyes treated with p-allose was significantly higher than for those
treated with vehicle. Gray bar p-allose group, black bar vehicle
group. Results are expressed as mean == SD. *P < 0.05

ischemia 0 min 15 min

Before

Survival of RGCs

Figure 3a shows representative results of RGC labeling for
both vehicle and p-allose-treated rabbits. RGC survival in
the central retinas of the eyes with ischemia was
42.8 &+ 8.8% in the vehicle-treated group (n = 4) and
81.2 £ 12.7% in the p-allose-treated group (n = 4,
P = 0.01; Fig. 3b). In the peripheral retina, RGC survival
in eyes with ischemia was 68.0 &= 13.8% in the vehicle-
treated group and 74.7 &£ 18.3% in the p-allose-treated
group (P = 0.64; Fig. 3b).

ERGs

The mean amplitudes of both the a-wave and b-wave are
shown in Fig. 4. On postoperative day 7, the a-wave
amplitude was 78.4 + 12.3% in the p-allose group (n = 5)
and 82.3 4 19.6% in the vehicle group (n = 5; Fig. 4a).
The b-wave amplitudes were 94.1 £ 19.8 and
64.3 £ 7.9%, respectively (Fig. 4b). The mean amplitude
of the b-wave in eyes treated with p-allose was signifi-
cantly higher than in those treated with vehicle. Likewise,
no significant differences in the mean amplitude of a-waves
were identified between the p-allose and vehicle groups.
Both a-wave and b-wave amplitudes in the non-operated
eyes were stable and essentially equal both before and after

surgery.
Effects of p-allose on released O,™

Light-microscopic photographs were taken after treatment
without p-allose, i.e., BSS alone (Fig. 5a), and with
p-allose (Fig. Sb). Without p-allose treatment, the blue color
was observed after ischemia and became stronger over time.
However, in the presence of p-allose, the blue color

30 min 45 min After reperfusion

Fig. 5 Effects of p-allose on the release of superoxide anion (O7°).
Blue color indicates release of O, Ischemia was induced for 45 min.
Color photographs were taken before ischemia induction, then 0, 15,

@_ Springer

30 and 45 min after starting ischemia, then immediately after
reperfusion. a Vehicle group and b p-allose group
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Fig. 6 Measured area O, expression (%). Filled squares D-Allose
group, filled circles vehicle group. Comparison of mean values of Oy~
expression between the vehicle group and the p-allose group at each
time point. Mean O,~ expression was significantly different 15, 30,
and 45 min after ischemia. Data are mean + SD. *P < 0.05

decreased compared with that without p-allose. Compared
with the peripheral area, the blue color intensity was
stronger in the central area. Figure 6 shows results from
quantification of the color levels expressed as a percentage
change. Mean O,~ expression was significantly different
between the vehicle group and the p-allose group 15, 30,
and 45 min after ischemia.

Discussion

These findings show that intraocular irrigation with
p-allose during vitrectomy protects the morphology and
function of the retina against ischemia injury.

Because p-allose may inhibit hexose transport [11], co-
injection of 200 mg/kg glucose with 200 mg/kg p-allose has
been shown to have no protective effect against retinal
ischemia reperfusion injury [3]. BSS contains 5.11 mM glu-
cose; i.e., approximately 0.1% glucose. Because 2% p-allose
in BSS was used in this study, the glucose in BSS was not
sufficient to abolish the protective effects of p-allose.

Both clinically and under experimental conditions, the
functional status of the retina can be monitored continu-
ously by recording ERGs. The b-wave of the ERG has been
identified as a particularly sensitive index of retinal
ischemia both in humans [12] and in experimental models
of retinal ischemia in vitro [13]. Glutamate acts as a
mediator of neuronal injury under ischemic conditions [14]
and extracellular glutamate has been found to increase in
ischemic eyes [3, 15, 16]. Reperfusion injury is thought to
be mediated in part by relative hyperglycemia and
high oxygen levels, leading to oxygen radical formation.
p-Allose may be a down-regulation agent of hexose transport
[11]. p-Allose could reduce the production of ROS by
modulating the glycolytic response. Because p-allose can

suppress glutamate release and the production of ROS after
ischemia [3], p-allose protects both the morphology and
function of the retina. Because there were no morpholog-
ical changes in the outer retina in this study (data not
shown), recovery of the a-wave amplitudes in the vehicle
group was not suppressed. Therefore, we could not confirm
any differences in the recovery of a-wave amplitudes
between the vehicle and p-allose groups.
~ We recently reported that p-allose suppresses the pro-
duction of H,0, as determined by diaminobenzidine
solution without hydrogen peroxide [3]. NBT is an electron
acceptor that can be reduced by accepting electrons from
various reductants, including superoxide [17] and other
reductants, for example those generated from dehydroge-
nase systems [18, 19]. Studies have previously shown that
NBT staining in normal rat retina is affected by inhibition
of free radical-related enzyme systems, suggesting that
NBT might be useful in the study of free radicals. During
and after ischemic episodes, univalent reduction of oxygen
in the mitochondrial respiratory chain is thought to be a
major source of O, [20]. O, can be reduced to H,0,, a
reaction catalyzed by superoxide dismutase (SOD) [7].
H,0, has been identified as a potent inducer of apoptosis
[21]. p-Allose may exert neuroprotective effects by
reducing the production of not only H,0,, but also O, ™.

Ocular perfusion pressure would be especially important in
eyes with diabetes if, as has been suggested, autoregulation in
the retina and optic nerve head is impaired [22, 23]. Because
high infusion pressure during PPV is useful in preventing
bleeding, we must also consider protecting the retina against
damage caused by pressure-induced ischemia in cases of
diabetic retinopathy [24]. Levels of glutamate potentially
toxic to retinal ganglion cells have been found in the vitreous
of patients with PDR [25]. This glutamate could then initiate a
forward cascade of further neuronal ischemia.

Our findings suggest that intraocular irrigation with
D-allose during vitrectomy may protect both the morphology
and function of the retina against ischemia-induced damage.
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CORRELATION OF INCREASED FUNDUS
AUTOFLUORESCENCE SIGNALS AT
CLOSED MACULA WITH VISUAL
PROGNOSIS AFTER SUCCESSFUL
MACULAR HOLE SURGERY

CHIEKO SHIRAGAMI, MD, FUMIO SHIRAGA, MD, ERI NITTA, MD, KOUKI FUKUDA, MD,
HIDETAKA YAMAIJI, MD

Purpose: To study the significance of the increased fundus autofluorescence (FAF)
signals at closed macula with spectral-domain optical coherence tomography and visual
prognosis after successful surgery in eyes with idiopathic full-thickness macular
holes (MHs).

Methods: Seventy-eight eyes of 78 consecutive patients with full-thickness MHs
underwent successful standard vitrectomy, with internal limiting membrane peeling and
followed by 10% sulfur hexafluoride gas injection. Simultaneous FAF and optical
coherence tomography images were recorded at 10 days, and 1, 3, and 6 months
postoperatively, using a combined spectral-domain optical coherence tomography-
fluorescein angiography device (Spectralis™/HRA Heidelberg Retina Angiograph 2). The
appearance of increased FAF in the macula postoperatively and the relationship of FAF and
optical coherence tomography findings to best-corrected visual acuity were examined.

Results: Stage 2, 3, and 4 MHs were present in 31, 29, and 18 eyes, respectively. The
median patient age was 66 years, with a range of 54 to 79 years. in all patients, the MHs
were successfully closed, and the preoperative increased FAF corresponding to MH
disappeared 10 days after surgery. In 36 eyes (46.2%), however, hyperautofluorescence
again appeared in the macular area 1 month postoperatively. This hyperautofluorescence
was significantly associated with the recovery of the external limiting membrane lines at the
fovea 1 month after surgery (P = 0.001, multiple logistic regression analysis). Also, this
recovery of the external limiting membrane lines 1 month postoperatively was significantly
associated with the recovery of photoreceptor inner and outer segment junction line
3 months postoperatively at the fovea (P < 0.001, Fisher exact test). Moreover, a good
best-corrected visual acuity of 20/28 or better at 6 months after surgery was significantly
associated with hyperautofluorescence in the macula 1 month postoperatively, the
recovery of the photoreceptor inner and outer segment lines at the fovea 3 months
postoperatively, and preoperative good visual acuity (P < 0.05, multiple logistic regression
analysis).

Conclusion: In full-thickness MHs, 46.2% of our patients showed increased FAE in the
macula 1 month after successful MH surgery. This hyperautofluorescence could be a sign
of good visual prognosis postoperatively.

RETINA 32:281-288, 2012

he macular hole (MH) is a full-thickness defect
of the retinal tissue involving the anatomical

a new technique has been developed that allows in
vivo imaging of the distribution of fundus autofluor-

fovea. Significant controversy still exists regarding
the pathogenesis, prognosis, and management of this
lesion.! The diagnosis of idiopathic full-thickness
MHs is usually made by biomicroscopic examination
and optical coherence tomography (OCT). Recently,

281

escence (FAF) using a confocal laser scanning
ophthalmoscope.>™ In a normal fundus, the distribu-
tion of FAF is diffuse, with decreased intensity at the
fovea. This technique provides high—spatial resolution
imaging of the distribution of FAF, which is most
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likely derived from lipofuscin within the retinal
pigment epithelium (RPE).*® It is generally accepted
that lipofuscin represents the product of degradation of
the photoreceptor outer segments. Therefore, an
autofluorescent spot in the macula is consistent with
a loss of the foveal tissue, especially a complete full-
thickness MH. Disappearance of FAF from the MH, as
may occur after successful surgical repair,®* suggests
that the RPE is again covered by the retinal and/or
glial tissue, as demonstrated also by the OCT images.

Macular FAF is attenuated by the luteal pigment,
and the concentration of this pigment in the fovea is
densest along the outer plexiform layer.!° Any foveal
defect that spares the photoreceptors'' may alter the
degree of foveal FAF by decreasing the amount of
masking macular pigment, therefore increasing the
foveal FAF. In vivo imaging of FAF can be carried out
with commercially available confocal scanning laser
ophthalmoscopes.® Although the usefulness of this
technique has already been demonstrated for the
diagnosis of full-thickness MH, there are few reports'
of postoperative increased FAF in the macula after
successful MH closure. In another report, it was noted
that MH closure is attained by bridge formation
(foveal detachment) and healing of the photoreceptor
inner and outer segment junction (IS/OS) line in
varying degrees, which correlated with visual out-
comes.'>'*> However, there was no discussion of the
correlation between the OCT images and the FAF
images of the external limiting membrane (ELM) line.
As visualized on electron microscopic images, the
external limiting membrane is formed by junctional
complexes uniting the Muller cells to the photorecep-
tor cell inner segments. Therefore, the aims of this
study were to investigate the significance of post-
operative increased FAF in the macula and to
determine the relationships among FAF findings,
restoration of ELM and IS/OS line on OCT images,
and best-corrected visual acuity (BCVA) after success-
ful MH surgery.

Patients and Methods

Seventy-eight eyes of 78 consecutive patients
(39 women and 39 men, ranging in age from 54 to
79 [mean, 66.0] years), who underwent vitrectomy for
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idiopathic MHs between April 2007 and April 2009,
were included in the study. Both biomicroscopy and
OCT were used to classify the MH stage. Eyes with
reopened MHs, MHs with retinal detachment, MHs
caused by high myopia, or other macular diseases,
such as age-related macular degeneration (including
dry type) combined, were excluded from this study.
The study was conducted in accordance with the
recommendations of the Declaration of Helsinki and
was approved by the institutional review board at the
Kagawa University Hospital. After an explanation of
the purpose of the study and the procedures to be used,
a signed informed consent was obtained from all
patients before surgery and examinations.

Surgical Technique

Local anesthesia was induced by retrobulbar nerve
block. A 25-gauge pars plana vitrectomy with internal
limiting membrane (ILM) peeling was carried out in all
eyes using the Accurus vitrectomy system (Alcon Labs,
Fort Worth, TX). The posterior hyaloid was separated
and removed using the 25-gauge vitreous cutter. Later,
all vitreous traction on the MH was removed and the
peripheral vitreous subtotally shaved. When the ILM
was removed, brilliant blue G** was used for staining in
42 eyes, and in the other 36 eyes, triamcinolone
acetonide-assisted ILM peeling was carried out. The -
area of ILM peeling was 2-3 optic disk diameters
around the fovea. Cataract surgery combined with
a vitrectomy was carried out in all 78 patients aged
older than 50 years. At the end of the surgery, 10%
sulfur hexafluoride gas was infused into the vitreous
cavity. Face-down positioning was maintained for 3
postoperative days.

Ophthalmic Examinations and Fundus Photography

All patients underwent a regular ophthalmic exam-
ination, including measurement of the BCVA and
fundus examination. Color fundus photography using
the Topcon TRC-50DX fundus camera (Topcon, Tokyo,
Japan) was carried out using 50° field images pre-
operatively and postoperatively (10 days, and 1, 3, and 6
months after the surgery in all patients). The FAF and
foveal OCT images were recorded to simultaneously
detect the intensity of FAF, and ELM and IS/OS line
recovery using the combined spectral-domain OCT-
fluorescein angiography device (Spectralis™/HRA
Heidelberg Retina Angiograph 2, Heidelberg Engi-
neering GmbH, Heidelberg, Germany) at 10 days, and
1, 3, and 6 months postoperatively. Foveal images were
examined in both horizontal and in vertical directions,
with averages of 100 scans using the automatic
averaging and eye tracking features.
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Statistical Methods

To determine whether there was a significant
association between increased FAF at the closed
MH area and several factors including patient age,
preoperative BCVA, MH stage, and ELM and IS/0OS
line recovery at the fovea on OCT images 1 month
postoperatively, multiple logistic regression analysis
was carried out. The BCVA was converted to logMAR
(logarithm of the minimal angle of resolution)
equivalents for statistical analysis. Furthermore,
factors predicting good BCVA of 20/28 or better
(logMAR 0.15) at 6 months after surgery were
analyzed, using patient age, increased FAF at 1 month
after surgery, preoperative BCVA, 1S/OS line recovery
at 3 months after surgery, preoperative historical
duration, MH stage, and the use of ILM staining as the
factors. Also, the correlation between ELM line
recovery at 1 month postoperatively and IS/OS line
recovery at 3 months postoperatively was examined
statistically (Fisher exact test). A P value of <0.05
was considered significant. Statistical analysis was
carried out using SPSS 11.5 statistical software (SPSS,
Inc, Chicago, IL).

Results

A total of 78 eyes of 78 patients with unilateral
MHs were prospectively studied. Stage 2, 3 (Figure 1,
3A), and 4 MHs were present in 31, 29, and 18 eyes,
respectively. Six months postoperatively, the mean
logMAR visual acuity improved significantly from
0.61 £ 0.62 preoperatively to 0.17 = 0.07 (P < 0.001,
paired #-test). The historical duration of MHs, which
corresponds to the duration since becoming aware of
metamorphopsia or visual disturbance to receiving the
operation in each patient, was 1 month to 15 months
(mean 3.4 = 2.1 months).

In all patients, the preoperative increased FAF
corresponding to MHs (Figure 2A) disappeared 10 days
after successful surgical closure. However, mild
increased FAF signals at the closed macular regions
were seen in 36 eyes (46.2%) at 1 month (Figure 2B), in
49 eyes (62.8%) at 3 months (Figure 2C), and in 53 eyes
(67.9%) at 6 months postoperatively (Figure 2D), while
there were no FAF signals in the macula (Figure 3, B-D)
until 6 months postoperatively in 25 eyes (32.1%).

Fifty eyes (64.1%) had a continuous ELM line on the
foveal OCT images, which corresponds to ELM
recovery 1 month after surgery (Figure 2B), whereas
in 42 eyes, the ELM line showed a defect (Figure 3B),
which indicates that the ELM had not recovered.
Continuous ELM lines on OCT images were seen in
67 eyes (85.9%) at 3 months (Figures 2C, 3C) and in
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Fig. 1. Case 1. A 70-year-old man with a stage 3 MH in his left eye. A.
The preoperative visual acuity was 20/50. The preoperative color
photograph indicates MH with a surrounding fluid cuff. B. The FAF
image taken preoperatively demonstrates increased FAF corresponding
to the defect of the neurosensory retina. C. The optical coherence
tomographic image taken preoperatively.

76 eyes (97.4%) at 6 months (Figures 2D, 3D) after
surgery.

In contrast, only 6 of the 78 eyes (7.7%) had the
continuous IS/OS line (Figures 2B, 3B) at 1 month
postoperatively. The continuous IS/OS line recovery
on OCT images was seen in 41 eyes (52.6%) at
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3 months (Figure 2C) and in 65 eyes (83.3%) at
6 months (Figure 2D) postoperatively.

In 25 patients whose macula continued showing
hypoautofluorescence during observation 6 months
after surgery (Figure 3), ELM line recovery was seen
in only 8 eyes and IS/OS line recovery in only 1 eye
1 month after surgery. Eventually, in these cases of
hypoautofluorescence in the macula, the recovery of
ELM and IS/OS lines was seen in 20 eyes (80%) and

Fig. 2. The postoperative
FAF images and OCT in
Case 1. A. The FAF image
(left) and OCT (right) taken
10 days postoperatively. The
FAF demonstrates a de-
creased FAF signal at the
closed macular area, and an
outer foveal defect with dis-
rupted ELM line and IS/0OS
line remains (arrow). B. FAF
image taken 1 month post-
operatively demonstrates
a mild increased FAF signal
at the closed MH (left). The
OCT taken 1 month post-
operatively shows a continu-
ous ELM line (arrow),
although an IS/OS line is
disrupted (right), and the
BCVA was increased to
20/22. C. FAF image taken
3 months postoperatively
demonstrates the increased
FAF signal at the closed MH
(lett). The OCT taken 3 months
postoperatively shows a contin-
uous ELM line and an IS/OS
line with a minimal defect
(right; arrow), and the BCVA
was 20/20. D. FAF image
taken 6 months post-
operatively is almost the same
as the FAF in the left panel.
The OCT taken 6 months
postoperatively shows a con-
tinuous ELM line and a con-
tinuous IS/OS line (right;
arrow), and the BCVA was
20/20.

18 eyes (72%), respectively, 6 months postoperatively.
It was obvious that, in cases of a hypoautofluorescent
macula on FAF images, morphologic recovery of ELM
and IS/OS lines was delayed, compared with the cases
of hyperautofluorescent macula (Figure 3, B-D).

In all patients, the inner retinal layer, such as the
inner nuclear layer, and the inner and outer plexiform
layers, recovered with time. After 1 month to 3 months
after the MH surgery, the structure of the inner retinal
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Fig. 3. Case 2. A 7l-year-
old woman with a stage 3
MH in her right eye. A. The
preoperative  BCVA  was
20/50. The FAF image (left)
taken preoperatively demon-
strates increased FAF corre-
sponding to the defect of the
neurosensory retina (right).
B. The FAF image taken
1 month postoperatively
demonstrates hypofluor-
escence in the macula (left).
The OCT taken 1 month
postoperatively  shows a
disrupted ELM line (arrow)
and a disrupted IS/OS line
(right), and the BCVA re-
mains 20/50. C. FAF image
taken 3 months post-
operatively demonstrates
hypofluorescence in  the
macula (left). The OCT
taken 3 months post-
operatively shows a continu-
ous ELM line (arrow) and
foveal detachment with
a disrupted IS/OS  line
(right). D. FAF image taken
6 months postoperatively
still demonstrates hypofluor-
escence in the macula (left).
The disruption of the IS/OS
line (arrow) remains 6 months
postoperatively (right). The
BCVA was not improved.

layer appeared quite normal on the OCT images
(Figures 2B, 30C).

Changes in the logMAR BCVA at 6 months
postoperatively showed significant differences be-
tween the ELM recovery group and ELM nonrecovery
group 1 month postoperatively (Student z-test, P <
0.001; Figure 4). Although, the features of the outer
photoreceptor layer on the OCT images showed that

the ELM lines recovered earlier than the IS/OS lines in
the eyes of all patients, the IS/OS line recovery at
3 months postoperatively was significantly correlated
with the ELM recovery at 1 month postoperatively
(P < 0.000).

The appearance of increased FAF signals 1 month
postoperatively was significantly associated with the
ELM recovery at the fovea 1 month postoperatively
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Fig. 4. Box plots showing BCVA 6 months after MH surgery in the
group in which ELM recovery was not present 1 month after surgery
(ELM—) and in the group with early ELM recovery 1 month after
surgery (ELM+). The boxes show the median (line) and 25th and 75th
percentiles. LogMAR, logarithim of the minimal angle of resolution.

(P = 0.001; Table 1). Moreover, good BCVA of 20/28
or better 6 months after the surgery was significantly
associated with increased macular FAF 1 month
postoperatively (P = 0.003), good preoperative visual
acuity (P = 0.007), and 1S/OS line recovery at the
fovea 3 month postoperatively (P = 0.029; Table 2).

Discussion

Fundus autofluorescence imaging using a confocal
scanning laser ophthalmoscope derives from the
lipofuscin-laden RPE.*° The autofluorescence is
attenuated by the luteal pigment in the macula.
Therefore, an autofluorescent spot in the macula is
consistent with a loss of the foveal tissue, either partial
(lamellar MH) or complete full-thickness MH.*
Disappearance of FAF from the MH, as occurs after
successful surgical repair,”* suggests that, in our case,

Table 1. Multiple Logistic Regression Model of Variables
Associated with Increased FAF 1 Month After MH

Closure
QOdds Ratio 95% Cl P
Age 0.971 0.906-1.041 0.405

ELM line recovery* 8.230
IS/OS line recovery* 1.588
Preoperative BCVA 0.514
Stage 1.221

Cl, confidence interval.
*1 month after MH surgery.

2.441-27.750 0.001
0.246-10.259 0.627
0.034-7.758 0.631
0.634-2.354  0.550

Table 2. Multiple Logistic Regression Model of Variables
Associated with Postoperative Good Visual Acuity
6 Months After MH Closure

Odds 95%

Ratio Cl P
Age 0.976 0.898-1.060 0.563
Increased FAF* 7.376 1.986-27.397 0.003

Preoperative BCVA  192.398 4.313-8583.242 0.007
IS/0S line recoveryt 4,181 1.154-15.153 0.029

Preoperative 0.725 0.521-1.008 0.056
historical duration

Stage 0.772 0.348-1.713 0.525
ILM staining 1.934 0.563-6.640 0.295

*1 months after MH surgery.
13 months after MH surgery.

the RPE was again covered by the retinal and/or glial
tissue, as demonstrated also by the OCT images. In our
study, the completely closed MH after successful
surgical treatment showed disappearance of autofluor-
escence 10 days postoperatively, similar to the normal
fundus. In the eyes of almost half of the total number
of patients (46.2%), closed macular areas again
showed mildly increased FAF signals 1 month after
surgery. Whereas the appearance of increased FAF
signals 1 month postoperatively was significantly
associated with early ELM recovery at the fovea
1 month postoperatively, postoperative good BCVA of
20/28 or better 6 months after MH closure was
significantly associated with increased FAF, preoper-
ative BCVA, and IS/OS recovery at 3 months
postoperatively. Also, these results indicate that this
increased FAF signal may predict a good visual
prognosis after MH surgery. Early ELM recovery at
the fovea 1 month postoperatively was significantly
associated with IS/OS recovery 3 months postopera-
tively. The reason why the closed MH area shows an
increased FAF signal is however unclear.

Generally, in normal eyes, macular pigment,
which is composed of lutein and zeaxanthin, is
important for the maintenance of macular health
through its absorptive and/or antioxidant proper-
ties.!>™'® These compounds are especially dense in
the axons of cone photoreceptors at the fovea,
although cells in the inner nuclear layer and the
inner and outer plexiform layers also contain these
compounds.*>™'® After successful MH closure, the
structure of the retinal layer in the macula may not
recover completely. Hangai et al'® reported that

centrifugal enlargement of tiny interruptions in the
ELM occurs in an MH if the Muller cell cone is
dragged away. Their report proved that there is less
of a defect in the tissue in MH but rather centrifugal
displacement of the photoreceptors occurs. Because
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ELM is a part of Muller cells, early ELM recovery
might indicate early recovery of the retinal mor-
phologic structure, including inner retinal layers.
The ELM lines recovered earlier than the IS/OS
lines in the eyes of all patients, and the IS/OS line
recovery at 3 months postoperatively was signifi-
cantly correlated with the ELM recovery at 1 month
postoperatively. Moreover, the continuous IS/OS
line recovery at the fovea 3 months postoperatively
is significantly associated with a good visual
prognosis 6 months postoperatively. Briefly, the
presence of a normal IS/OS line may indicate
morphologic and functional recovery of the photo-
receptors.'” In our study, the increased FAF signal 1
month postoperatively, which was almost absent 10
days postoperatively, was significantly associated
with early ELM recovery. The factors influencing
this increase in the eyes that had early ELM recovery
resulting in a good visual prognosis may include the
morphologic changes of the inner retinal layers, for
example, lateral displacement of the inner retinal
layers with time (Figure 2). It is hypothesized that if
displacement of the macular pigment—containing
inner retinal layers exists at the fovea soon after
the surgery and if the RPE function is normal at the
macular area, the hyperautofluorescence may be
concealed by the macular pigment. Later, the inner
retinal layers move to the normal position with time
and the hyperautofluorescence can be seen through
the damaged macula with decreasing pigment
concentration after the surgery. In this study,
46.2% eyes showed hyperautofluorescence at the
macular area 1 month postoperatively. This result
indicates that, in those eyes, hyperautofluorescence
was caused by both the decreased macular pigment
and the RPE that had normal metabolic function.

In contrast, late ELM recovery indicates in-
sufficient recovery of the retinal structure leading
to late IS/OS recovery resulting in photoreceptor
dysfunction at the fovea after MH surgery. In the
human RPE, lipofuscin accumulates as a by-product
of phagocytosis of the photoreceptor outer seg-
ments. Fundus autofluorescence in the RPE depends
on the outer segment renewal and is potentially
affected by a balance between accumulation and
clearance. So, the late IS/OS line recovery might be
the reason for decreased FAF signals at closed
macula after surgery; in other words, the disappear-
ance of FAF as a surrogate marker for monitoring
the functional recovery of the photoreceptors and
the restoration of RPE—photoreceptor interactions in
repaired MH, the complete disappearance of in-
creased FAF and a loss of pigment or RPE death,
respectively.

Another possible concern regarding the disap-
pearance of FAF as a surrogate speculated that the
restoration of hypoautofluorescence in the fovea
after MH surgery could not be achieved without
recovery of the inner retinal layer. Simply extending
neurosensory retinal or glial tissues over the bare
RPE after MH surgery would not result in complete
disappearance of FAF. Improved visual acuity of
patients with repaired MHs obviously implies that
the photoreceptor function is recovered, both
morphologically and functionally. The interpreta-
tion of FAF in repaired MH could be complicated
because it might also be influenced by other cells
and tissues in the fovea as a result of their minor
contributions to the macular pigment.

In this study, the historical duration of MH was not
significantly associated with visual prognosis but
tended to be correlated with good visual prognosis
(P = 0.056; Table 2) This shows that, in chronic MH,
once the bare RPE is surgically covered with
neurosensory retinal tissue, normal interactions be-
tween the RPE and the photoreceptors may be slightly
difficult.

In conclusion, increased FAF early after MH
surgery is an important indicator of ELM recovery
leading to the early recovery of photoreceptors,
predicting a good postoperative visual prognosis. This
increased FAF signal may be induced by normal
metabolic activity of the RPE cells along with normal
photoreceptor recovery. Further careful investigation
and long-term follow-up of these patients are required
to better understand the usefulness of FAF after MH
surgery.

Key words: fundus autofluorescence, external
limiting membrane, idiopathic full-thickness macular
hole, spectral-domain optical coherence tomography.
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ABSTRACT

Purpose: To investigate the effect of anti-high mobility group. box 1
against ischemia-reperfusion injury in the rat retina.

in retinal cells. However, pretrea i
seventh postoperative day, the

thickness

INTRODUCTION

Ischemic injury to the retina is a major cause of visual
loss and morbidity. As these morbidities are difficult
to treat, research into various potential treatments
is currently ongoing.' Ischemia-reperfusion injury
involves many signaling mechanisms that ultimately
result in necrotic and apoptotic cell death.® Delayed
neuronal cell death in the brain and retina secondary
to transient ischemic injury occurs, in part, by
apoptosis.”® During or after ischemia, reactive oxygen
species (ROS) can be produced in large quantities and
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act as cytotoxic metabolites.” ROS can provoke cell
death by reacting with cell components that lead to
necrosis, or by activating specific targets that trigger
apoptosis.

High-mobility group box-1 (HMGB1) protein was
originally described 30 years ago as a nonhistone
DNA-binding protein with high-electrophoretic
mobility.’® HMGBI is a nuclear protein involved in
nucleosome stabilization and gene transcription.” It is
known that these functions are essential for survival,
as HMGBI1-deficient mice have been shown to die
of hypoglycemia within 24h of birth.”? HMGBI is
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found in almost all eukaryotic cells, and its presence
has been confirmed in the rodent retina.’®* HMGB1 has
also been implicated in the mechanism of ischemic
brain damage.'*? In a stroke model, short hairpin (sh)
RNA-mediated HMGB1 down-regulation in the brain
reduces the severity of lesions.”® Intravenous injection
of the anti-HMGB1 monoclonal antibody (mAb) causes
a dramatic reduction in the infarct size in the stroke
model.”

The purpose of the present study was to investigate
the role of anti-HMGB1 and its specific expression in
retinal ischemia-reperfusion injury.

MATERIAL AND METHODS
Animals

Male Sprague-Dawley rats weighing 200-250g were
obtained from Charles River Japan (Yokohama, Japan).
Rats were permitted free access to standard rat food
(Oriental Yeast Co., Ltd., Tokyo, Japan) and tap water.
Animal care and all experiments were conducted in
accordance with the approved standard guidelines
for animal experimentation of the Kagawa University
Faculty of Medicine, and adhered to the ARVO
Statement for the Use of Animals in Ophthalmic and
Vision Research. Anti-HMGB mAb or IgG2a was injected
by three different methods. Intraperitoneal injection of
anti-HMGB1 monoclonal antibody (mAb) (200 ug)" or
class-matched control mAb (IgG2a) (200 pg) against
Keyhole Limpet hemocyanin was administered 30min
before ischemia. Anti-HMGB mAb (200 ng) or IgG2a
(200 ng) was administered intravenously immediately
and 6h after reperfusion. The pupil was dilated with
topical phenylephrine hydrochloride and tropicamide;
anti-HMGB mAb (20 ng) or IgG2a (20 pg) was injected
into the vitreous space 30 min before ischemia.

Ischemia

Rats were anesthetized by an intraperitoneal injection
of 50mg/kg pentobarbital sodium (Abbott, Abbott
Park, IL) followed by a topical administration of 0.4%
oxybuprocaine hydrochloride. The anterior chamber of
the right eye was cannulated with a 27-gauge infusion
needle connected to a reservoir containing normal
saline. The intraocular pressure (IOP) was raised to
130 mmHg for 45 min by elevating the saline reservoir.
Only the right eye of each rat was subjected to ischemia.
Retinal ischemia was indicated by whitening of the iris
and fundus. The left eyes served as the sham-treated
controls, with these eyes undergoing a similar procedure
that did not include elevation of the saline bag, thus
maintaining normal ocular tension. Rectal and tympanic
temperatures were maintained during the operation at
approximately 37°C via the use of a feedback-controlled

heating pad (BRC, Nagoya, Japan). After restoration of
blood flow, temperature was maintained continuously
at 37°C.

HISTOLOGICAL EXAMINATION

For histological examination, rats were anesthetized
by intraperitoneal injection of pentobarbital sodium
(50mg/kg) 7 days after ischemia. Eyes were enucleated
and stored in a 4% paraformaldehyde solution for
24h at room temperature. The retinas were removed
and embedded in paraffin, and thin sections (5-pm
thickness) were cut using a microtome. Each retina was
mounted on a silane-coated glass slide and then stained
with hematoxylin and eosin (HE).

Morphometric analysis was performed to quantify
ischemic injury. These sections were selected randomly
in each eye. Light microscopic examination was
performed by a person with no prior knowledge of the
treatments. A microscopic image of sections obtained
within 0.5-1 mm of the optic disc was scanned. For each
computer image, the number of cells in the ganglion
cell layer (GCL) was counted. The thicknesses of the
inner plexiform layer (IPL), inner nuclear layer (INL),
outer nuclear layer (ONL), and outer plexiform layer
(OPL) for the entire frame were measured. The number
of cells in the GCL was normalized as linear cell density
(cells per millimeter). Thicknesses of the IPL, INL,
ONL, and OPL were obtained by calculating the mean
value of seven measurements in each eye. Similarly, the
linear cell density in the GCL was also determined by
calculating the mean value of seven measurements. For
each animal, the right eye parameter was normalized to
that of the intact left eye and shown as a percentage.

ELECTRORETINOGRAMS (ERGS)

ERG responses were measured after overnight dark
adaptation (at least 6 h) using a recording device (Mayo
Corporation, Aichi, Japan) 7 days after ischemia. Rats
were anesthetized by an intraperitoneal injection of
50mg/kg pentobarbital sodium. Pupils were dilated
with 0.5% tropicamide and 0.5% phenylephrine
hydrochloride eye drops (Santen Pharmaceuticals,
Osaka, Japan). All procedures were performed in dim
red light, with all rats kept warm during the procedure.
The LED corneal electrode was set vertical to the cornea
center. A reference electrode was set subcutaneously on
the forehead and the ground connection was set on the
base of the tail. An LED stimulator LS-W controlled
the stimulus duration and intensity during the 11-step
intensity series, which ranged from 0.0003-30 cds/m?
The ERG response was amplified using an AC amplifier
ML135 (Bio Amplifier, AD Instruments, NSW, Australia)
with a bandwidth of 0.3-500 Hz and amplification of
2,000 times. The ischemic damage to the retina was
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evaluated as the percentage of the a- and b-wave
amplitudes of the ischemic right eyes as compared to
the non-ischemic left eyes.

IMMUNOHISTOCHEMISTRY

Eyes were enucleated at 6, 12 or 24h after 45min of
ischemia. Eyes were then fixed in 4% paraformaldehyde
in the PBS and embedded in paraffin. Retinal sections
(5 um) were rinsed in 100% ethanol twice for 5min each,
followed by a separate 95% ethanol and 90% ethanol
rinse for 3min each. The sections were then washed
using PBS, pH 7.4, three times for 10min each and
treated with 0.3% Triton X-100 in PBS, pH 7.4, for 1h.
After further washing three times for 10min each with
PBS, pH 7.4, sections were then blocked in 3% normal
horse serum and 1% bovine serum albumin (BSA) in PBS
for 1h in order to reduce nonspecific labeling. Sections
were incubated overnight at 4°C in PBS with either
2.0mg/mL of monoclonal antibody against HMGB1Y
which served as the primary antibody. After washing
in PBS for 50min, sections were then immersed in the
second antibody conjugated to horseradish peroxidase
for 1h at room temperature. Images were acquired
using 40x objective lenses (DXM 1200; Nikon, Tokyo,
Japan). Adobe PhotoShop v. 5.0 was used to adjust the
brightness and contrast of the images.

FLUORESCENT LABELING OF ROS

To investigate the production of ROS, we intraperi-
toneally injected 5mg/kg dihydroethidium (DHE;
Sigma-Aldrich, St. Louis, MO) in 5% dimethyl sulfoxide
(DMSO) in PBS 15min before ischemia. A 0.3-mL aliquot
of distilled water, 200 png anti-HMGB1 mAb, or 200 pg
IgG2a was administered intraperitoneally 30 min before
ischemia. Eyes were enucleated 15min after ischemia
and then embedded in OCT compound (Sakura Finetek,
Torrance, CA), after which cryosections (20 pm) were
prepared. Sections were examined with a microscope
(Radiance 2100/Rainbow, Carl Zeiss, Miinchen,
Germany) using a laser set (excitation laser 514nm;
emission laser >580 nm).

Statistical Analysis

Fluorescence was quantified by automated image
analysis with Image-Pro Flus software (version 4.0,
Media Cybernetics, The Imaging Expert, Bethesda, MD).
For each section, mean fluorescence was calculated from
five separate high-power fields per eye. A threshold was
set to define positive labeling.

All data are presented as the mean + SD. Data
were analyzed using an independent Student’s #-test
and ANOVA followed by Tukey-Kramer post-hoc
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testing corrected for multiple comparisons. Statistical
analysis was performed using SPSS for Windows (SPSS
Inc, Chicago, IL). A p value of < 0.05 was considered
statistically significant.

RESULTS

Histologic Changes in the Retina after
Ischemia with Anti-HMGBI

Figure 1A shows a normal retina. Light microscopic
photographs were taken 7 days after ischemia and
treatment with IgG2a (Figure 1B) or anti-HMGB1
(Figure 1C). In animals pretreated with IgG2a, the GCL
cell number was reduced to 73.9+16.2% of the control;
the IPL thickness was reduced to 67.7 +14.6% of the
control; the INL thickness was reduced to 82.8 +13.5%
of the control; the OPL thickness was reduced to
88.6 £30.8% of the control; and the ONL thickness
was reduced to 88.1+13.0% of the control (n=7;
Figure 1D). In animals pretreated with anti-HMGB1
mADb, the GCL cell numbers were 67.7+16.8% of the
control (p=0.50); the IPL thickness was 51.6+12.3%
of the control (p=0.02); the INL thickness was
69.0+6.8% of the control (p=0.03); the OPL thickness
was 51.9 +10.8% of the control (p=0.01); and the ONL
thickness was 72.4+13.7% of the control (p=0.049)
(n=7; Figure 1D).

Treatment with intravenous injection of IgG2a or
anti-HMGB1 mAb twice (immediately and 6h after
reperfusion) reduced the retinal thickness dramatically
(n=4, each group) (Figure 2).

Treatment with local administration of IgG2a or anti-
HMGB1 mAb 30min before ischemia was similar to the
results with intraperitoneal injection of anti-HMGB1
mAb (n=4, each group) (Figure 3).

EFFECT OF ANTI-HMGBI ON NORMAL
RETINA

Animals were killed at 7 days after the intraperitoneal
injection of anti-HMGB1 mAb or IgG2a. Treatment
with anti-HMGBI1 did not affect the retinal thickness in
normal rat (Figure 4) (n1=4, each group).

EFFECT OF ANTI-HMGBI ON RETINAL
FUNCTION

Scotopic ERG was recorded to evaluate anti-HMGB1
mADb effects on retinal function. A representative example
of function is seen in Figure 5A. Mean amplitudes of the
a- and b-wave are shown in Figure 5B. We observed
a statistically significant difference between the three
groups (n=>5, each group).
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FIGURE 1 Light micrographs of a cross-section through normal rat retina (A) and at 7 days after ischemia when treated with control
class-matched mAb (anti-Keyhole Limpet hemocyanin mAb, IgG2a) (B) or anti-HMGB1 mAb (C). Percentages indicate change relative
to control values for the number of GCL cells and for the IPL, INL, ONL, and OPL thicknesses 7 days after ischemia when treated with
IgG2a () or anti-HMGB1 (). Results are expressed as the mean + SD (¥p <0.05). Scale bar =20 um.
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FIGURE 2 Percentages indicate change relative to control values for the number of RGC cells and for IPL, INL, ONL, and OPL thickness
7 days after ischemia when treated with intravenous injections of IgG2a () or anti-HMGB1 (). Results are expressed as the mean = SD
(*p<0.05).
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