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Table 1 Characteristics of study subjects
Early Late
Control ARM ARM

Characteristic {n = 67) {n=175) {n=173)
Age {years}

<60 25 {31.3} 719.3) 5 {6.8)

60-64 11 {16.4) 10 {13.3) 5 {6.8)

5569 12 {17.9) 18 {24.0) 14 {19.2)

70-74 17 (25.3) 26 {34.7) 14 {19.2)

=75 2 (3.0) 14 {18.7) 35 (47.9)
Smoking {pack-years)

8 32 {47.8} 37 {48.3) 11 {151

1-24 16 {23.9} 14 {(18.7) 25 (34.2)

=25 19 (28.4) 24 {32.0) 37 {80.7)
Hypertension

Absent 35 (52.2) 34 {45.3)  25{34.2)

Present 32 (47.8) 41 {54.7) 48 (65.8)
Facial wrinkling

0,104 32 {47.8} 18 (24.0) 20 {21.4)

0.104-0.1314 20 {29.9) 29 {38.7} 22 (30.1)

=0.1314 15 {22.4) 28 {37.3) 31 {42.5)
Facial hyperpigmentation

<(.0264 19 {28.4) 20 {26.6) 31 {42.5)

0.0264-0.0342 24 {35.8} 27 {36.0} 20 (27.4)

=0.0342 24 {35.8) 28 {37.3) 22 (30.1)
Upper inner arm skin tone L*

<259,7 15 (22.4) 26 (34.7) 28 {38.4)

59.7-62.1 21 {31.3) 30 {40.0) 24 {32.9)

=62.1 31 {46.3) 19 {253} 21 {28.8)
Upper inner arm skin tone a*

<12 33 {49.3} 21 (28.0) 18 (24.7)

7.2-8.5 21 (31.3) 25 {33.3) 25 {34.2)

=85 13 (19.4) 29 (38.7) 30 {411y
Upper inner arm skin tone b*

<14.7 29 {43.3} 18 {24.0} 26 {35.617

14.7-16.7 19 {28.4) 24 (320 24 (329)

=16.7 19 {28.4) 33 (44.0) 23 {31.5)

Values are number {%).
ARM, age-related maculopathy.

Sample size

From previous work, the sun sensitivity index odds ratio (OR)
for late ARM was 3, so sample size was determined to detect
ORs of 3.0 with 80% statistical power at p<0.05%. The
required sample size was 66 in each group.

Statistical analysis

Stata 8.1 (Stata Corp, Lakeway Drive College Station, Texas,
USA) was used for the statistical analysis. A multivariate
logistic regression analysis obtained the maximum likelihood
OR estimates and corresponding 95% Cls using ARM stage as a
dependent variable. The possible risk factors, age, smoking and
hypertension, and sun-related skin factors, facial wrinkling,
facial hyperpigmentation and skin tone L¥, a* and b*, were
included in the models as covariates. Subjects were separated by
age into the following groups: <60, 60-64, 65-69, 70-74 and
=75. Smoking history was analysed as non-smoking, 0-24 pack-
years and 25 pack-years or more. Hypertension was dichot-
omised into absence and presence. Each variable of the skin
examination, wrinkling, hyperpigmentation and skin tone (L*,
a* or b*), was divided into upper, middle and lower tertiles
referenced in statistical analyses. Trend was analysed by a
likelihood ratio test using categorical data as continuous
variables. Two-sided p<0.05 was considered to be significant.
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Table 2 Age, smoking status and hypertension in subjects with age-
related maculopathy (ARM) compared with controls

Early ARM vs Late ARM vs
Risk factor controls controls
Age {years)
<60 1 1
6064 3.7 {1.00 to 13.51) 2.8 {0.45 to 17.80)
6569 5.3 {1.44 10 19.33) 9.7 (1.94 to 48.89)
7074 5.7 {1.68 to 19.19) 7.3 {1.52 to 34.84)
=75 25.1 {3.70 to 170.49)  114.5 (15.07 to 869.73)
p Value for trend 0.001 <20.001
Smoking {pack-years}
0 1 1
0-25 1.2 {0.40 to 3.55) 5.2 {1.39 to 19.36)
=25 0.9 {0.35 to 2.30} 5.4 {1.61 to 17.90}
p Value for trend 0.856 0.007
Hypertension
Absent 1 i
Present 1.1 (0,51 to 2.48) 1.1 {0.41 to 3.18)
p Value 0.783 0.788

Values are OR (95% Cl) adjusted for age, smoking, hypertension, facial wrinkling, facial
hyperpigmentation and skin of upper inner arm {L*, a* or b*).

RESULTS

Study group baseline

Table 1 lists subjects on the basis of age, smoking status,
hypertension, facial wrinkling, facial hyperpigmentation and
skin toue.

Age

Mean (SD) age was 63.1 (8.1} years for the controls, 68.7 (6.9)
years for the early ARM group, and 72.8 (7.9) years for the late
ARM group. The early ARM (p=0.001) and late ARM
(p<0.001) groups were significantly older than the controls.
Age was a significant factor related to both types of ARM
{table 2).

Smoking

Smoking data (mean (SD}) were as follows: 16.1 (21.0) pack-
years for controls, 17.8° {25.0) pack-years: for the early ARM
group, and’32.4 (29.0) pack-years for the late ARM group.
Logistic regression analysis showed smaoking to be significantly
related to late ARM (p for trend = 0.007), but not early ARM
(table 2).

Hypertension

Hypertension was not a significant risk for ARM groups
{table 2).

Wrinkles

WAF increased with age in patients with ARM and controls
(fig 2). However, the observed age dependence of WAF was not
statistically significant in either patients or controls. Logistic
analysis showed that patients with late ARM had larger WAFs
on average than controls after adjustment for age, smoking,
hypertension, facial hyperpigmentation and skin tone (p for
trend = 0.047), but patients with early ARM did not (table 3).

Pigmentation
Facial pigmentation increased with age in patients with ARM
and controls (fig 2). Here again the observed age dependence
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Figure 2 Facial wrinkling (A) and facial pigmentation (B) of patients
with late age-related maculopathy {ARM) and confrols according to age.
{A) Regression lines were drawn separately for patients with late ARM
{solid line; y = 0.09168+0.00047x} and controls {dotted line:

y = 0.08670+0.00040x). {A) Wrinkle area fraction (WAF) increased with
age in patients with late ARM and controls, However, the observed age
dependence of WAF was not statistically significant in either patients or
controls. {B) Regression lines were drawn separately for patients with
late ARM (solid line: y = 0.01898+0.00015x) and controls (dotted line:
y = 0.02152+0.00016x). Facial pigmentation increased with age in
patients with late ARM and controls. However, the late ARM group was
significantly less pigmented than the control group. Data for the early
ABRM group were not included to avoid overlapping of points.

was not significant in either patients or controls. Logistic
analysis showed that patients with late ARM had smaller areas
of pigmentation on average than controls after adjustment for
age, smoking, wrinkling and upper inner arm skin (L%, a* and
b*). In late ARM cases, a significantly smaller area of
hyperpigmentation was found (p for trend =0.035, table 3).
There was no significant difference in area of hyperpigmenta-
tion between patients with early ARM and controls.

Skin tone

Mean (SD) indices of skin tone (1*, a* and b*) were: 61.9 (2.9),
7.6 (1.6) and 15.4 (2.6), respectively, for controls; 60.4 (2.3), 84
(1.9) and 16.3 (2.2), respectively, for early ARM; 60.4 (3.0), 8.3
(1.8) and 15.4 (2.6), respectively, for late ARM. Patients with
ARM had darker, redder and more yellow skin, but -no
significant difference was seen in skin tone (L* a* and b¥)
among the groups (table 3).
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Table 3 Wrinkles, pigmentation and skin tone in subjects with age-
related maculopathy (ARM) compared with controls

Risk factor

Early ARM vs
controls

Late ARM vs
controls

Facial wrinkling
<0.104
0.104-0.1314
=0.1314

p Value for trend

Facial hyperpigmentation
<(.0264
0.0264-0.0342
=0.0342

p Value for trend

Upper inner arm skin tone L*
<59.7
59.7-62.1
=621

p Value for trend

Upper inner arm skin tone a*
<12
71.2-8.5
=85

p Value for trend

Upper inner arm skin tone b*
<14.7

1

1.4 {0.53 1o 3.49}
2.5 {0.89 to 7.08)
0.086

1

0.6 {0.24 to 1.89)
0.6 {0.21 to 1.55)
0.332

1

0.9 {0.30 to 2.57)
0.9 {0.23 to 3.35)
0.848

1

1.5 {0.51 10 4.37)
2.1 {0.58 to 7.69)
0.257

1

1

1.9 {0.54 to 6.56)
3.8 {1.01 to 13.97)
0.047

1

0.3 {0.08 to 0.92)
0.3 {0.08 10 0.92)
0.035

1
0.5 {0.13 to 2.14)
0.6 (0.10 to 2.94)
0.492

1

1.5 {0.38 to 5.64)
1.8 {0.37 to 9.17)
0.120

1

14.7-16.7 1,1 {0.38 to 2.97} 0.7 {0.18 to 2.50)
=167 1.2 {0.43 1o 3.56) 0.3 {0.08 to 1.34)
p Value for trend 0.687 0.120

Values are OR {95% Cl) obtained from the logistic model incorporating age, smoking,
hypertension, facial wrinkling, facial hyperpigmentation and upper inner arm skin tone
{L*, a® and b*). '

DISCUSSION

This paper is, to our knowledge, the first to objectively quantify
lifetime exposure to sun and to evaluate the relationship
between this and ARM.

Our study shows that facial wrinkle length is positively
related to late ARM prevalence, so lifetime exposure to sunlight
and late ARM are considered to be positively related. Although
it is conventionally held that hyperpigmentation and late ARM
are related to lifetime exposure to sunlight, cur results, in fact,
show the opposite—that is, people with late ARM have fewer
facial hyperpigmentation spots. This is difficult toexplain;
however, a relationship may exist between individual char-
acteristics—that is, a skin that is strongly resistant to tanning
and ARM.

Skin wrinkling has been suspected to be strongly associated
with lifetime exposure to sunlight.** Skin wrinkling is related
to an increase in collagen degradation in the extraceliular matrix
and to a decrease in its synthesis.® UV irradiation affects
wrinkle formation through a cumulative process, so it is logical
that facial wrinkling may be an indicator of lifetime exposure to
sunlight, ' %

A significantly smaller area of hyperpigmented spots was,
however, found in late ARM, despite the fact that our previous
report concluded that hyperpigmentation was also increased by
lifetime exposure to sun.’® It may be that sunlight/UV irradiation
induces changes in skin pigmentation, but the biological pathway
differs from that of wrinkle formation. Skin darkening in response
to UV irradiation occurs via two distinct pathways: immediate
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pigment darkening and delayed tanning. Delayed tanning
involves melanogenesis and is stimulated by DNA photodamage
or its repair.® Melanin synthesis is therefore thought to be a direct
response to DNA damage, and melanogenesis is viewed as a
biomarker of DINA repair capacity. People with less pigmentation
may be more vulnerable to DNA damage caused by exposure to
sunlight. Type 1 Fitzpatrick skin types, those with fair-coloured
skin and poor tanning ability, are known to be highly susceptible
to skin cancer.”” ® We hypothesise that genetic factors related to
skin pigmentation are also related to ARM progression in Japanese
men in Kagoshima.

With regard to the retina, melanin can act biochemically as an
antioxidant in retinal pigment epithelial cells, lessening the
harmful effects of UV-induced oxygen free radicals.” Ocular
melanin is thought to be able to physically protect the retina
and choroid of pigmented eyes against light-induced cell toxicity
through UV absorption. The protection against UV damage
afforded by melanin, presumably through a biochemical
mechanism, may explain why ARM is more common in
lighter-skinned populations.*

This study has certain limitations. There may be concern that
exposure of facial skin to sunlight does not exactly reflect
exposure of the ocular fundus to sunlight. All participants were
mate farmers with similar lifestyles in this rural area—for
example, sunglasses are rarely used, diets are similar and
individual differences would not be large. Although the sample
was not large, two well-known risk factors for ARM, aging and
smoking, were found to be significant for ARM. Because greater
facial wrinkling is also a significant risk factor for late ARM, the
sample size was sufficient for a preliminary identification of an
additional risk factor for this condition. A potential subject
selection bias exists in the study. Subjects with greater exposure
to sunlight tend to have severe cataracts and may have been
excluded because fundus photographs could not be taken. Of
particular note is that age was not matched equally in the ARM
groups compared with controls. Although age was applied as a
covariant and the multiple variant analysis was performed in an
age-adjusted way, the present results should be interpreted with
care. It is not possible to say that the present method is perfectly
objective. In fact, the definition of wrinkle that we used is subject
to interpretation. Although the algorithm thresholds for wrinkle
detection are subject to interpretation, the use of computer image
analysis to objectively quantify wrinkle length and areas of
hyperpigmentation eliminates the potential for bias and error
associated with standard visual grading.

There are various other factors that can affect skin condition.
Wrinkle length and/or skin pigmentation does not indicate
the risk of ARM in every individual clinically. The value of the
present method lies rather in its usefulness to study the
pathogenesis of ARM.

In conclusion, this study suggests that lifetime exposure to
sunlight is associated with ARM in Japanese men living in
Kagoshima, Japan. Individual response to acute/chronic expo-
sure to sun may be important in the progression of ARM.
Because the objective methods used to measure skin wrinkling
and hyperpigmentation such as markers of lifetime exposure to
sunlight are standardised across all subjects in the study, and are
cost-effective, reproducible and non-invasive, a large-scale
follow-up study on different populations would be warranted
to better elucidate the role of sun exposure in the progression of
ARM and would be useful in the design and development of
effective prophylactic treatments.
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Intraocular expression and release of high-mobility
group box 1 protein in retinal detachment

Noboru Arimura'?, Yuya Ki-i"?, Teruto Hashiguchi?, Ko-ichi Kawahara?, Kamal K Biswas®, Makoto Nakamura’,
Yasushi Sonoda’', Keita Yamakiri', Akiko Okubo', Taiji Sakamoto' and Ikuro Maruyama®

High-mobility group box 1 (HMGB1) protein is a multifunctional protein, which is mainly present in the nucleus and is
released extracellularly by dying cells and/or activated immune cells. Although extracellular HMGB1 is thought to be a
typical danger signal of tissue damage and is implicated in diverse diseases, its relevance to ocular diseases is mostly
unknown. To determine whether HMGB1 contributes to the pathogenesis of retinal detachment (RD), which involves
photoreceptor degeneration, we investigated the expression and release of HMGB1 both in a retinal cell death induced
by excessive oxidative stress in vitro and in a rat model of RD-induced photoreceptor degeneration in vivo. In addition, we
assessed the vitreous concentrations of HMGB1 and monocyte chemoattractant protein 1 (MCP-1) in human eyes with
RD. We also explored the chemotactic activity of recombinant HMGB1 in a human retinal pigment epithelial (RPE) cell line.
The results show that the nuclear HMGB1 in the retinal cell is augmented by death stress and upregulation appears to be
required for cell survival, whereas extracellular release of HMGB1 is evident not only in retinal cell death in vitro but also in
the rat model of RD in vivo. Furthermore, the vitreous level of HMGB1 is significantly increased and is correlated with that
of MCP-1 in human eyes with RD. Recombinant HMGB1 induced RPE cell migration through an extracellular signal-
regulated kinase-dependent mechanism in vitro. Our findings suggest that HMGB1 is a crucial nuclear protein and is
released as a danger signal of retinal tissue damage. Extracellular HMGB1 might be an important mediator in RD,
potentially acting as a chemotactic factor for RPE cell migration that would lead to an ocular pathological wound-healing
response.

Laboratory Investigation (2009) 89, 278-289; doi:10.1038/labinvest.2008.165; published online 12 January 2009

KEYWORDS: danger signal; high-mobility group box 1. protein; photoreceptor degeneration; retinal detachment; tissue damage;
wound healing

Cell death is the predominant event of degenerative: tissue
damage and can be a trigger that activates the immune system

.and repair program. Recently, there has been much interest in

the pivotal role of endogenous danger signals released during
cell death.! High-mobility group box 1 (HMGBI) protein is a
prototypic innate danger signal, and. appears to be crucial in
this context because extracellular HMGB1 * can modulate in-
flammation, proliferation, and remodeling, which are involved
in the wound-healing process.”

HMGB1 was originally. described as an abundant and
ubiq/uitous nuclear DNA-binding protein that had multiple
functions dependent on its cellular location.”* In the nucleus,
HMGB1 binds to DNA and is critical for proper transcrip-

tional regulation. It is also called amphoterin and accelerates
cellular motility on the cell surface.” HMGBL is reported to
be passively released into the extracellular milieu by necrotic
cells, but not by apoptotic cells,® or is exported actively by
monocytes/macrophages’ and neural cells® upon receiving
appropriate stimuli. In damaged tissue, extracellular HMGB1
acts as a necrotic signal, which alerts the surrounding cells
and the immune system.” Although extracellular HMGB! can
contribute to normal tissue development and repair, it is also
implicated in the pathogenesis of several diseases (including
lethal endotoxemia,” disseminated intravascular coagulation,’
ischemic brain,'® tumor,'" atherosclerosis,'* rheumatoid
arthritis,”® and periodontitis“).
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Retinal detachment (RD), the physical separation of pho-
toreceptors from the underlying retinal pigment epithelium
(RPE), is one of the main causes of visual loss. Photoreceptor
degeneration due to RD is thought to be executed by apop-
tosis'™'® and necrosis,'” which usually occur after tissue
damage. Although retinal cell death and the following re-
active responses must occur in almost all forms of retinal
disease including RD,'® data regarding the relationship
among cell death, danger, and responses in the eye, have been
very limited, especially in terms of danger signals. We pre-
viously reported that HMGB1 was significantly elevated in
inflamed eyes with endophthalmitis, and suggested a possible
link between HMGB1 and ocular inflammatory diseases.'’
On the other hand, considering the properties of HMGB1, we
hypothesized that HMGB1 might have some roles in pho-
toreceptor degeneration and subsequent damage-associated
reactions in RD.

To investigate whether HMGBI is involved in the patho-
genesis of RD, we first examined the expression and release of
HMGBLI both in a retinal cell death in vitro and in a rat
model of RD-induced photoreceptor degeneration in vivo. To
focus on human RD, we assessed the intravitreous con-
centrations of HMGB1 in human eyes affected by RD.
Monocyte chemoattractant protein 1 (MCP-1), which was
recently documented to be a potential proapoptotic mediator
in RD,*® was also measured in the same vitreous samples. We
further analyzed - the - effects of recombinant HMGBI1
(rHMGBL1) on chemotactic activity in a RPE cell line' in vitro.
Our findings suggest that extracellular HMGBI is evident in
eyes with RD as a danger signal, potentially acting as a che-
motactic factor for RPE cell migration that would lead to
ocular pathological wound healing.

MATERIALS AND METHODS

Reagents

Full-length, LPS-free rat rHMGB1 protein, which is 99%
identical to human HMGB1 and is fully functional on cells of
mammalian origin,”' was purchased from HMGBiotech
(Milan; Italy). Human recombinant MCP-1- (rMCP-1) was
purchased from Peprotec (Rocky Hill, NJ). Rabbit polyclonal
antibody against HMGB1 was provided by Shino-Test Cor-
poration -(Kanagawa, Japan). Antibodies  against- phospho-
and total extracellular signal-regulated kinase (ERK)-1/2 were
obtained  from  Cell - Signaling Technology (Beverly, MA).
U0126 was obtained from: Calbiochem (La Jolla, CA).

Human Vitreous Samples

This study was approved by our institutional ethical com-
mittee (Kagoshima University Hospital), and was performed
in accordance with the Declaration of Helsinki. All surgeries
were performed at Kagoshima University Hospital. All pa-
tients gave informed consent before treatment. The clinical
histories of all patients were obtained from their medical
records. Undiluted vitreous fluid samples (0.5-0.7 ml) were
obtained by pars plana vitrectomy. Vitreous humor was
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collected in sterile tubes, placed immediately on ice, cen-
trifuged to remove cells and debris, and stored at —80°C until
analysis.

Animals

All animal experiments were performed in accordance with
the Association for Research in Vision and Ophthalmology
Statement for the Use of Animals in Ophthalmic and Visual
Research and the approval of our institutional animal care
committee (Kagoshima University). Adult male Brown
Norway rats (250-300g; KBT Oriental, Saga, Japan) were
housed in covered cages and kept at constant temperature
and relative humidity with a regular 12-h light-dark sche-
dule. Food and water were available ad libitum.

Surgical Induction of RD

Rat experimental RD was induced as described previously.?>
Briefly, the rats were anesthetized with an intramuscular in-
jection of ketamine and xylazine, and their pupils were di-
lated with topical 1% tropicamide and 2.5% phenylephrine
hydrochloride. The retinas were detached using a subretinal
injection of 1% sodium hyaluronate (Opegan; Santen, Osaka,
Japan) with an anterior chamber puncture to reduce in-
traocular pressure. Sodium hyaluronate (0.05ml) was slowly
injected through the sclera into the subretinal space to en-
large the RDs: These procedures were performed only in the
right eye, with the left eye serving as a control. Eyes with lens
injury, vitreous hemorrhage, infection, and spontaneous re-
attachment were excluded from the following analysis. The
rats were killed at 3, 7, and 14 days after treatment, with six
animals per each time point.

Cell Culture

The rat immortalized retinal precursor cell line R28, a kind
gift from Dr GM Siegel (The State University of New York,
Buffalo), was cultured in Dulbecco’s modified Eagle’s med-
ium (DMEM) high glucose supplemented -with 10% fetal
bovine serum (FBS); 10 mM non-essential amino acids; and
10 ug/ml gentamicin as described previously.” The human
immortalized RPE cell line ARPE=19, obtained from Amer-
ican Type Culture Collection (Manassas, VA), was grown in
DMEM/F12 supplemented with10%: FBS; 2% penicillin—
streptomycin, and 1% fungizone (all products were obtained
from Invitrogen-Gibco, Rockville, MD). Cells were incubated
at 37°C in a 5% CO, incubator and subcultured with 0.05%
trypsin-EDTA. Subconfluent cultures were trypsinized and
seeded for the following experiments. ARPE-19 cells were
obtained at passage 21 and used at passages 24-30. Increased
passage did not alter the following experimental results up to
this passage number.

Cell Viability Assay

Cell viability was analyzed by mitochondrial respiratory ac-
tivity measured using MTT (3-(4,5-dimethylthiazol-2yl)-2,5-
diphenol tetrazolium bromide) assay (Wako Chemicals,
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Osaka, Japan), as described previously.?* Briefly, 2 x 10° R28
cells were cultured in 24-well plates (500 ul medium per well)
with or without hydrogen peroxide (1 mM; Merck, Darm-
stadt, Germany) for 24 h. Then the cells were incubated with
MTT (0.5mg/ml; final concentration) for 3h. Formazan
product was solubilized by the addition of dimethyl sulfoxide
for 16 h. Dehydrogenase activity was expressed as absorbance
at a test wavelength of 570 nm and at a reference wavelength
of 630 nm. Assays were performed in triplicate and repeated
three times in independent experiments.

immunofluorescence for HMGB1 and TUNEL

Indirect immunofluorescence was carried out as described
previously,'>” with some modifications. The eyes were
harvested and fixed in 4% paraformaldehyde at 4°C over-
night. The anterior segment and the lens were removed, and
the remaining eye cup was cryoprotected with 10-30% su-
crose in phosphate-buffered saline. The eye cups were then
frozen in an optimal cutting temperature compound (Sakura
Finetech, Tokyo, Japan). Sections were cut at 8 um with a
cryostat (Leica Microsystems, Wetzler, Germany). After being
incubated with blocking buffer containing 10% goat serum,
1% bovine serum albumin (BSA), and 0.05% Tween-20 for
1h, the slides were incubated with rabbit polyclonal anti-
HMGB1 antibody (1pg/ml). After overnight incubation,
sections were washed and probed with Alexa-Fluor 594-
conjugated goat anti-rabbit IgG F(ab’)2 fragment (Molecular
Probes, Carlsbad, CA) for 1h. In some experiments, TUNEL
co-staining was also performed according to the manu-
facturer’s protocol (ApopTag Fluorescein In situ Apoptosis
Detection kit; Chemicon, Temecula, CA) as previously de-
scribed.?” Slides were counterstained with DAPI, mounted
with Shandon: PermaFlour. (Thermo Scientific, Waltham,
MA), and viewed with a Zeiss fluorescence microscope.
Images were captured using the same exposure time for each
comparative section. To examine the specificity. of im-
munostaining, the primary antibody was replaced with nor-
mal rabbit IgG (1 pg/ml). Control slides were invariably
negative under the same setting (data not shown). For-all
experiments, at least three sections from each eye were
evaluated. To demonstrate the expression patterns. of
HMGBL1 in retinal cells under oxidative stress in vitro, R28
cells (2 x 10” cells/500 ul medium per well) were seeded on
four-well glass coverslips and challenged with or without
hydrogen peroxide (L mM) for 1h. Slides were fixed in 4%
paraformaldehyde for 1h, permeabilized with Triton X-100,
and then examined by the same methods as described above.

ELISAs

HMGBI1 and MCP-1 were quantified in each human vitreous
sample using commercial ELISAs; HMGB1 ELISA kit (Shino-
Test Corporation) and Human CCL2/MCP-1 Immunoassay
(R&D Systems, Minneapolis, MN), according to the manu-
facturers’ protocols. The detection limits of these kits were
0.2ng/ml for HMGB1 and 5.0pg/ml for MCP-1. Con-
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centrations below the limits were taken as zero in subsequent
analyses. Each sample was run in duplicate and compared
with a standard curve. All samples were assessed in a masked
manner. The mean concentration was determined per sam-
ple. For in vitro study, HMGBI levels in culture supernatants
were measured by the same ELISA.

Migration Assay

Cell migration was assayed using a modified Boyden chamber
assay as previously described.?® In brief, 5 x 10* ARPE-19
cells resuspended in 200ul control medium (1% FBS-
DMEM/F12) were seeded onto the upper compartment of
the BD Falcon® culture inserts (BD Bioscience, San Jose, CA)
with an 8-um diameter pore size membrane in a 24-well
companion plate. The lower chamber was filled with control
medium (negative control) and those containing 50, 100, or
200 ng/ml rHMGB1. Because MCP-1 was reported to display
a potent chemotactic activity on RPE cells,” a control
medium containing 10 ng/ml rMCP-1 was used as a positive
control. After 8-h incubation, cells remaining on the upper
surface of the filters were removed mechanically, and those
that had migrated to the lower surface were fixed with me-
thanol, stained with Diff-Quick (Dade-Behring, Deerfield,
IL), and counted in five randomly selected high-power fields
( x 100) per insert. Migration index (% of control) was cal-
culated by dividing the number of migrating cells in the
presence of chemoattractants by the cells that migrated in
response to the negative control. To inhibit ERK-1/2 activity,
the cells were pretreated with 1, 5, or 10 uM U0126, or vehicle
(0.1% dimethyl sulfoxide) for 30 min, prior to the addition of
rHMGBI. U0126 is an inhibitor of active and inactive MEK-
1/2, the MAPK kinase that activates ERK-1/2. These con-
centrations of U0126 and dimethyl sulfoxide had no effect on
ARPE-19 cell viability determined by MTT assay in our study
(data not shown) and in a previous report.”® Assays were
performed in triplicate and repeated three times in in-
dependent experiments.

Immunoblotting

ARPE-19cells. (5 x 10°) were subcultured on 6-cm tissue
culture dishes. Then, the cells were serum starved overnight
in DMEM/F12 and stimulated with 100 ng/ml rHMGBI for
the indicated: times. Activation of ERK-1/2 was analyzed as
described previously.” In brief, after treatment, whole cells
were lysed with SDS sample buffer and an equal volume of
protein extracts was loaded onto 12% SDS-polyacrylamide
gels and then. transferred onto. a nitrocellulose membrane.
The membrane was blocked by incubation with 5% non-fat
dry milk plus 1% BSA in TBST (0.02% Tween-20.in Tris-
buffered saline, pH 7.4) for 1h at room temperature. The
membrane was then incubated with the antibody against
phospho-ERK-1/2 (diluted 1/1000) at 4°C overnight. The
blots were subsequently probed with secondary anti-rabbit
antibodies conjugated to horseradish peroxidase (diluted 1/
3000 in TBST), and images were developed using the en-
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hanced chemiluminescence system (GE Healthcare). The
membrane was stripped and reprobed with an antibody
against total ERK-1/2 (diluted 1/1000).

Statistical Analysis

The vitreous HMGB1 and MCP-1 concentrations in each
group were compared using the Mann—Whitney U-test. The
correlation between HMGB1 and MCP-1 in RD samples was
analyzed using a simple linear regression analysis and
Spearman’s rank correlation coefficient. All in vitro data are
presented as mean *s.d. and the significance of differences
between groups was determined by Student’s t-test. P-value
less than 0.05 was considered significant.

RESULTS

HMGB?1 is Present in Cultured Retinal Cell and Released
Extracellularly by Oxidative Stress-Induced Cell Death
We first evaluated the expression patterns and cellular dis-
tribution of HMGBI! in an R28 retinal cell line with or
without oxidative stress, a known cause of neurodegenera-
tion.”” Excessive reactive oxygen species can lead to the de-
struction of cellular components and ultimately induce cell
death through apoptosis or necrosis. To induce oxidative
stress, we used a toxic dose (1 mM) of hydrogen peroxide,
which was reported to stimulate monocytes/macrophages to
release HMGBI actively and passively.”® As shown in
Figure la, HMGBI immunoreactivity was stably present in
the nucleus of unstimulated R28 cells, and relatively weak
staining was observed in the cytoplasm. By contrast, 1 h after
exposure to 1 mM hydrogen peroxide, some cells seemed to
present rather high levels of HMGBI in their nucleus as well
as their cytoplasm compared with those under an un-
stimulated condition. However, in the other cells, the nuclear
HMGBI1 was diminished or appeared to be released into the
cytoplasm. These results indicate that the nuclear HMGB1
could be varied by death stress and be released into the cy-
toplasm according to the degree of stress. Hydrogen peroxide
(1 mM) treatment for 24 h, in which about 90% of the cells
lost their viability (Figure 1b), induced a massive release of
HMGB! from the cells to the cell supernatants (Figure lc).
Taken together, these findings suggested that HMGB1 could
relocate from the nucleus to the cytoplasm for eventual re-
lease in dying retinal cells, and that the extracellular release of
HMGBI in the eye might be increased dependent on the
extent of retinal cell death.

HMGB1 is Abundantly Expressed in Rat Retina and
Released after RD

As the above findings indicated that HMGB1 was of relevance
to retinal cell death, we investigated whether HMGBI1 was
maintained in the rat retina and how HMGBI1 would vary
after RD. As it was reported that HMGBI in-rat photo-
receptors had a light-sensitive circadian rhythmic expres-
sion,” we performed all animal studies on a regular time
schedule, and all eyes were set to be almost equally exposed to
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light. As shown in Figure 2, HMGBI immunoreactivity was
well represented in sections of the normal control rat retina
and, as expected, colocalized with DAPI-positive nuclei
(Figure 2a, d and g). HMGBI1 staining in the normal rat
retina was prominent in the nuclei of ganglion cell layer,
inner nuclear layer, outer nuclear layer, and RPE, and was
also apparent in the photoreceptor inner segments. In par-
ticular, HMGB1 was localized in photoreceptor at the nuclear
periphery, and HMGBI levels were higher in the inner nu-
clear layer than the outer nuclear layer as opposed to DAPI
staining, which preferred to bind to heterochromatic DNA.
This was consistent with the previous report> that HMGB1
was preferentially colocalized with euchromatin, which was
often under active transcription and was stained less by
DAPI. Interestingly, HMGB1 appeared to be robustly upre-
gulated in both the photoreceptors and the other retinal cells
at day 3 after RD inductions, and DAPI staining was inversely
downregulated at the same time (Figure 2b, e and h). As
previous reports demonstrated that dramatic alterations of
retinal gene expression occurred after RD,”! this high level of
HMGB1 expression might be related to the active gene
transcription. HMGBI1 in the nucleus might be stress re-
sponsive and necessary for proper transcription after RD
tissue damage. Afterwards, the nuclear HMGBI expression in
the photoreceptors seemed to subside at day 7, while still
clearly remained in the inner segments (Figure 2¢, f and i),
gradually decreasing along with the thinning of the outer
nuclear layer due to photoreceptor degeneration by day 14
(data not shown).

Although HMGBI expression was increased in the pho-
toreceptors of the detached retina at day 3, it was not
homogeneous, but was rather heterogeneous. To clarify the
relationship between the upregulation of HMGB1 and pho-
toreceptor cell death, especially with DNA damage, the RD
retina at day 3 was co-stained with TUNEL, which could
detect apoptotic and potentially necrotic cell death by la-
beling the damaged. DNA (Figure 3a—c). Previous studies
indicated that HMGB1 could not be released from apoptotic
cells® and the apoptotic photoreceptors were prominent in
this RD model at day 3 after RD.** We also confirmed re-
markable numbers of apoptotic photoreceptors in the. de-
tached retina at day 3 (Figure 3b), and found that the early
faint. TUNEL-positive nuclei. had relatively low levels of
HMGBI and fragmented nuclei, which were brightly stained
by TUNEL, had almost no apparent HMGBL im-
munoreactivity (Figure 3c), suggesting that apoptotic dying
cells might lose the expression of HMGBI1 to maintain the
proper gene transcription. It might be indispensable for the
surviving photoreceptors to maintain and/or boost the nu-
clear HMGB1 in RD.

In the subretinal space of RD at day 7, HMGBI1-positive
and. TUNEL-negative debris could be observed (Figure 3d,
arrows), which might be released by necrotic photoreceptors
and/or degradated inner segments, and spread diffusely into
the vitreous cavity if a retinal break was present. It was also
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Figure 1 Release of HMGB1 from R28 retinal neuronal cells exposed to excessive oxidative stress. (a) Immunofluorescence was performed with anti-HMGB1
antibody (red) and DAPI (blue). HMGB1 is predominantly present in the nuclei of unstimulated R28 cells (left column). Some cells present robust
upregulation of HMGB1 in the nuclei, as well as relocation into the cytoplasm (middle column; arrows) on 1 h exposure to a toxic dose of hydrogen peroxide
(1 mM). In the other cells, the nuclear HMGB1 is found to be diminished or released into the cytoplasm (right column; arrowheads). Scale bars: 20 um. (b)
After 24 h exposure to 1 mM hydrogen peroxide, the cell viability analyzed by MTT assay is decreased to about 10% compared with the control. (c) Massive
HMGB1 release into the culture supernatant was determined by ELISA after the same treatment as (b). The data represent the mean £s.d. (n=3). Similar
results were obtained from three independent experiments.

Figure 2 Immunofluorescence analysis of HMGB1 in a rat model of RD. Representative photomicrographs of retinal sections labeled with anti-HMGB1
antibody (red; a-c) and DAPI (blue; d-f). Merged images (g-i) are also presented. The retinal sections were derived from the control eye (a, d, g), those at
3 days (day 3; b, e, h), or 7 days after RD (day 7; ¢, f, i). Arrows point to retinal pigment epithelium (a, g), and arrowheads indicate subretinal macrophages
(b, ¢, h, i). Note that expression of HMGB1 is augmented especially in ONL at day 3 after RD, whereas the upregulation in ONL appears to be subside by
day 7 (n=6 for each time point). Scale bars: 50 um. INL, inner nuclear layer; IS, inner segment; ONL, outer nuclear layer.
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reported that macrophages migrated into the subretinal space
of this RD model.’* The migrating macrophages also had
abundant HMGBI expression (Figure 3d, arrowheads), and
might have released HMGBI actively in this space. In line
with these data, a large amount of extracellular HMGB1 must
be present at least in the subretinal space after RD.

Figure 3 Expression of HMGB1 in DNA-damaged photoreceptors (a-c) and
release of HMGB1 in the subretinal space (d). Representative
photomicrographs of anti-HMGB1 antibody (red; a), TUNEL (green; b), and
merged image (c) from rat retinal sections at 3 days after RD (n=6). The
early faint TUNEL-positive nuclei (c; arrows) have relatively low levels of
HMGB1 and the fragmented nuclei (c; arrowheads) have almost no
apparent HMGB1 immunoreactivity. (d) Representative photomicrograph of
a merged image of anti-HMGB1 (red), DAPI (blue), and TUNEL (green)
obtained from rat retinal sections at 7 days after RD (n = 6). HMGB1-positive
and TUNEL-negative debris (d; arrows) and migrating macrophages with
abundant HMGB1 expression (d; arrowheads) can be observed in the
subretinal space. Scale bars: 50 um. INL, inner nuclear layer; IS, inner
segment; ONL, outer nuclear layer; OS, outer segment.
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Vitreous HMGB1 and MCP-1 Levels in Patients with RD
The result obtained from the rat model of RD is the first
evidence to our knowledge that HMGBI is involved in RD-
induced photoreceptor degeneration. Next, we tested whe-
ther extracellular HMGBI1 could also be detected in human
vitreous samples of RD. Samples were harvested from 35 eyes
with RD, including rhegmatogenous RD, RD with macular
hole, and atopic RD and 19 eyes with control diseases, in-
cluding idiopathic epiretinal membrane and idiopathic ma-
cular hole (Table 1). The vitreous HMGB1 and MCP-1 levels
were significantly higher in the eyes with RD than in those
with control diseases (Figure 4). The median HMGBI level
was 1.4 ng/ml (range, 0-28.3) in the eyes with RD and 0.6 ng/
ml (range, 0-1.3) in those with control diseases (P<0.001;
Figure 4a). The median MCP-1 level was 1383.2 pg/ml
(range, 39.8-5436.1) in the RD eyes and 404.4 pg/ml (range,
17.9-1168.9) in the control eyes (P<0.0001; Figure 4b). The
vitreous concentration of HMGBI1 was correlated sig-
nificantly with that of MCP-1 in the 35 eyes with RD by a
simple linear regression (r=0.593, P<0.001; Figure 4c) and
by Spearman’s rank correlation coefficient (r=0.613,
P<0.001). On the other hand, there was no significant re-
lationship between the vitreous concentrations of HMGBI
and MCP-1 in the 19 eyes of control patients (data not
shown). Although there was no significant difference, the
HMGBI levels in the eyes with proliferative vitreoretinopathy
(PVR), a condition of retinal fibrosis that follows severe
long-standing RD, tended to be lower than those without
PVR (Figure 4d). These findings showed that HMGBI
could be released not only in the subretinal space but also
in the vitreous cavity after RD-induced photoreceptor
degeneration, and that the HMGBI release was coincident
with vitreous MCP-1 expression.

Table 1 Characteristics of the patients

Characteristics Retinal Control
detachment diseases
(n=35) (n=19)
Age (years) 573%+163 68.2+8.7
Female sex, no. (%) 19 (54) 10 (53)
Patients with PVR, no. (%) 6 (17) —
Subgroups, no. (%)
Rhegmatogenous retinal detachment 28 (80) —
Retinal detachment with macular hole 5(14) —
Atopic retinal detachment 2 (6) —
Idiopathic epiretinal membrane — 7 (37)
Idiopathic macular hole — 12 (63)

PVR, proliferative vitreoretinopathy.

Values are expressed as mean * s.d. Dashes denote not applicable.
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Figure 4 Vitreous levels of HMGB1 and MCP-1. The vitreous HMGBT1 (a) and MCP-1.(b) levels are significantly higher in eyes with RD than in those with
control diseases (idiopathic epiretinal membrane or idiopathic macular hole). Each bar indicates the average value. (c) Scatter plot for the correlation
between vitreous levels of HMGB1 and MCP-1 in eyes with RD (simple linear regression, r=0593, P<0.001; Spearman's rank correlation coefficient,
r=0.613, P<0.001). (d) The HMGB1 levels in the eyes with PVR tend to be lower than those without PVR. ERM/MH, epiretinal membrane/macular hole;

NPVR, no PVR; PVR, proliferative vitreoretinopathy.

RPE Celis Respond Chemotactically to Extracellular
HMGB1 through an ERK-Dependent Mechanism
Previous reports have shown that extracellular HMGBI is a
chemoattractant for a variety of cell types.®'”>** We in-
vestigated whether HMGBI is also a chemoattractant for RPE
cells. Extracellular HMGB1 has been reported to engage
multiple receptors, including the receptor for advanced
glycation end products (RAGE) and Toll-like receptors 2
and 4.>* In particular, RAGE has been thought to be a crucial
receptor for HMGBI1-induced cell migration through ERK
activation.” The expression of RAGE at the RNA and protein
level was identified in human RPE* and ARPE-19 cells***’ in
previous studies. It was also shown that the expression of
RAGE and HMGB1 was colocalized in the proliferative
membrane from an eye with proliferative retinal disease.*®
We, therefore, performed a migration assay using modified
Boyden chambers with various concentrations of rtHMGBI.
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The representative photographs in Figure 5 show that
rHMGBI was capable of inducing a significant level of mi-
gration (Figure 5b) above that obtained with the control
medium (Figure 5a). HMGBI stimulated the migration of
RPE cells in a concentration-dependent manner with a 2.7-
fold maximal response at 100 ng/ml (Figure 5c). This max-
imal response to rHMGBI1 was. slightly stronger than.that
induced by rMCP-1 (10 ng/ml). Next, we investigated whe-
ther HMGBI induced phosphorylation of ERK-1/2 in ARPE-
19 cells; we stimulated cells with 100ng/ml rHMGBI1 for
various time periods and used western blotting with an anti-
phospho-ERK-1/2. antibody on whole-cell lysates (Figure 6a).
Little phosphorylation~of ERK-1/2: could be observed: in
unstimulated ARPE-19 (at 0'min), but a prominent increase
was detected after 5 min of stimulation with tHHMGB1. Figure
6a shows that phosphorylation of ERK-1/2 was augmented
from 5 to 60 min after rHMGB1 stimulation in comparison
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Figure 5 RPE cells migrate in response to HMGB1. Representative photographs of ARPE-19 cells stained with Diff-Quick after migration toward control
medium (a) or 100 ng/ml HMGB1 (b). Original magnification: x 100. (€} HMGB1 stimulated ARPE-19 cell migration in a concentration-dependent manner
with a 2.7-fold maximal response at 100 ng/ml. The data represent the mean £ s.d. (n = 3). All treatments increase the migratory response relative to the
control (P<0.01 in Student's t-test). Similar results were obtained from three independent experiments.

with unstimulated ARPE-19 (time 0). To demonstrate that
the ERK signaling induced by HMGBI1 was in fact linked: to
the migration of RPE cells, we next inhibited ERK-1/2 and
assessed cell migration to HMGBI. Pretreatment of ARPE-19
with U0126 abrogated the migration toward tHMGBI1 (Fig-
ure 6b). Thus; the ERK pathway appears to play an essential
role in. HMGB1-induced RPE cell migration.

DISCUSSION

Our findings suggest a possible role of HMGBI in RD, as an
essential nuclear- protein. and a principal danger signal for
photoreceptor degeneration. Using an in vitro assay of retinal
cell death induced by excessive oxidative stress, we found that
HMGBI  was. augmented in- the nucleus by the stress and
released into the extracellular space during cell death. On the
basis of immunohistochemical analyses of a rat model of RD-
induced photoreceptor degeneration, augmentation of
HMGBL in the nucleus is also observed in vivo and appears
to be crucial for the proper transcription of photoreceptors
after RD. Moreover, double labeling with TUNEL. reveals
defects of upregulation of the nuclear HMGB1 in the DNA-
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damaged . photoreceptors, which: ‘are presumably pro-
grammed dying photoreceptors. Therefore, we propose that
the nuclear HMGBI in the retinal cells might be critical for
retinal cell survival under death stresses both in the in vivo
RD and in vitro retinal cell death. These results for ocular
HMGBI are compatible with previous reports. that HMGBI
is-a vital nuclear protein and has a protective role in the
nucleus.>*

In a previous animal study, Erickson ef al'” reported that a
loss of photoreceptors in a cat model of RD occurred due to
necrosis. During studies on. RD, photoreceptor degeneration
after. RD had been thought to be mainly caused by
apoptosis.'>'¢ Hisatomi et al’> demonstrated the presence of
apoptotic debris in the subretinal space of rat RD. In. the
present study, considering our immunohistochemistry results
from the same. rat model of RD, so-called necrotic debris,
which is HMGBI positive and TUNEL negative, was found
to be present. On the basis of the previous finding of the
preferential release of HMGBL from necrotic cells,® this
suggests. that necrosis might still be a fundamental type of
photoreceptor cell death after RD.
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Figure 6 The phosphorylation of ERK is induced by HMGB1 and linked to
HMGB1-induced migration of RPE cells. (a) ARPE-19 cells were stimulated
with HMGB1 (100 ng/ml) for 5, 15, 30, or 60 min, and total cell lysates were
analyzed by western blot. ERK-1/2 activation was detected: with anti-
phospho-ERK-1/2 antibody (p-ERK-1/2). Stripped membrane was reprobed
with the antibody against total ERK-1/2 (ERK-1/2). Results are representative
of three independent experiments. HMGB1 augments the ERK-1/2
phosphorylation from 5 to 60 min after stimulation. (b) Pretreatment of
ARPE-19 with U0126 inhibits the cell migration toward HMGB1 (100 ng/ml)
in a dose-dependent manner. The data represent the mean ts.d. (h=3).
Similar results were obtained from three independent experiments.
*P<0.05, **P<0.01, compared with vehicle-treated control:

Furthermore, exploring human vitreous samples by ELISA,
we found that both HMGB1 and MCP-1 are increased sig-
nificantly in eyes with RD. Although MCP-1 is a well-known
mediator for RD,*® to our knowledge, this is the first report
indicating that extracellular: HMGB1 might- also:be of re-
levance to human RD. HMGBL1 concentration tended to be
high-in the eye without PVR, but not-so with PVR.:One
possible explanation for this tendency is that HMGB1 might
be sequestered and/or masked in PVR, the advanced stage of
RD. HMGB1 binds tightly to heparin and proteoglycans with
heparan sulfate,” and it is also reported that such pro-
teoglycans are abundantly present as the ocular extracellular
matrix, even in RD.** Hence, these molecules might affect the
HMGBL! concentration in the vitreous humor. Nevertheless,
this possibility does not. negate the presence of HMGBI.
Considering - the results obtained with the rat RD model,
extracellular HMGBI1 could be present at much higher levels,
at least in the subretinal fluid of RD; and it might serve as a
persistent signal adhering to the local damaged retina and/or
surrounding matrix as previously described.”

It is also of importance that HMGBL is significantly cor-
related with MCP-1 in RD vitreous. The secretion of MCP-1
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might parallel the extent of photoreceptor degeneration of
RD. Nakazawa et al* recently suggested that MCP-1 is a
potential proapoptotic mediator during RD through the ac-
tivation of microglias and/or macrophages. In their study,
Miiller-glial cells were observed to upregulate MCP-1, leading
to activation and increased infiltration of microglias/macro-
phages in the detached retina. These cells induced further
photoreceptor apoptosis through local oxidative stress. Cor-
responding to this report, RAGE was also reported to be
prominently expressed in the Miiller-glial cells.*' Therefore,
HMGBI might influence MCP-1 expression through Miiller-
glial cells. Conversely, HMGB1 is known to be released by
activated monocytes/macrophages.” MCP-1 is a potent sti-
mulator and chemoattractant for monocytes/macrophages,*?
and these cells were observed in the subretinal space of RD
with abundant HMGBI expression. This would also be an-
other possible explanation for the parallel increases of
HMGBI1 and MCP-1. Nevertheless, the positive correlation of
these molecules indicates that cell death-related mediators
might be highly orchestrated in ocular degenerative tissue
damage. Several studies suggest that extracellular HMGBI1
can aggravate tissue damage in neuronal tissues.">* In these
studies, extracellular HMGBI plays a key role in the deve-
lopment of neuronal injury through the induction of inflam-
mation, microglial activation, and neuronal excitotoxicity.
According to these recent reports, the presence of extracellular
HMGBI1 concomitantly with MCP-1 is a possible deteriorating
factor for RD, in spite of its essential role in the nucleus.
PVR is one of the most threatening complications of RD. It
is thought to be a reactive process to retinal injury, in other
words; it is one of the wound-healing responses in the eye.
RPE cells are known to be detectable in the fibrotic pro-
liferative membranes of PVR, and play an important role in
the pathogenesis of PVR.** Thus, the effects of a molecule on
PVR formation could be traced to RPE migration, at least in
part:-Here, we demonstrate that extracellular HMGBI pro-
motes RPE cell migration by chemotaxis in vitro. This result
is consistent with. previous reports of HMGB1-induced cell
migration - in various cell types, such as smooth muscle
cells,?"*? fibroblasts,*> and chondrocytes.34 We. also found
that HMGBI1 activated phosphorylation of ERK-1/2 in RPE
cells and the migration induced by HMGB1 was dependent
on ERK phosphorylation. The phosphorylation of ERKis
associated with cell proliferation and cell migration through
effects on cell-matrix contacts.*® It was also reported to be
found in Miiller-glial cells after RD.*” Taken together, our
results suggest that extracellular HMGB1 from dying ocular
cells might affect retinal cells through ERK phosphorylation
and potentially serve to promote:the formation. of PVR,
which is wound healing, but has a pathological meaning in
the eye.. Several new strategies for prevention of ocular
fibrosis, especially targeting specific signaling pathways, have
been proven to be beneficial in animal models.**° We
propose that the identification and. further characterization
of danger signals, including HMGBI, would provide a novel
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perspective for better understanding the molecular patho-
genesis of PVR before applying these promising therapeutic
manipulations to human subjects.

It has been suggested that post-transcriptional modifica-
tions of HMGBI1, such as acetylation, methylation, and
phosphorylation, might influence its activity.”' Some recent
reports also demonstrate that the proinflammatory activity of
HMGBI is due to combined action with other molecules.>
The present data are mostly limited to the presence of
HMGBI rather than its biological activity, and we do not
address what modifications or molecules are involved in in-
traocular HMGBL. However, we identify for the first time
that HMGBI is evident in a typical retinal injury of human
RD, in which nuclear HMGBLI is a crucial nuclear protein
and extracellular HMGBI is a danger signal that might be
required for the ocular wound-healing response. Our find-
ings might have relevance for the underlying mechanisms of
degenerative neuronal diseases. Further detailed studies will
be needed to obtain more accurate knowledge and ther-
apeutic value of HMGBL1 in human diseases.
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