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especially the posterior pole of the retina and fovea. (7) As
a total sum of BOS24 for each attack in both eyes during a
6-month period, BOS24-6M presents disease activity for
the patient during that period of time.

The BOS24 consists of a total 24 points summarized
from 6 parameters of ocular inflammatory symptoms,
including anterior chamber cells, vitreous opacity, periph-
eral fundus lesions, posterior pole lesions, subfoveal
lesions, and optic disc lesions (Fig. 1; Table 1). Cells in the
anterior chamber (maximum 4 points) are graded using the
grading scale presented by the Standardization of Uveitis
Nomenclature (SUN) Working Group [19], with a slight
modification. Briefly, anterior chamber cells are detected
and routinely scored using a semi-quantitative scoring
system of 6 grades; 0 = no cells, 0.5+ = 1-5 cells per
field, 1+ = 6-15 cells per field, 2+ = 16-25 cells per
field, 3+ = 26-50 cells per field, and 4+ = 51 cells or
more per field in the wide beam with a 1 x 1-mm narrow
slit using slit-lamp microscopy. For convenience, cells in
the anterior chamber scored as 0.5+ or 1+ in the SUN
Working Group grading are noted as 14 in the BOS24.
Vitreous haze (maximum 4 points) is evaluated using the
grading scale reported by Nussenblatt [20], with a slight
modification. Briefly, vitreous haze is also graded using a
semi-quantitative scoring system of 6 grades based on the
clarity of the optic disc, retinal vessels, and nerve fiber
layers; 4+ = optic disc is obscure, 3+ = optic disc can be
seen but borders are quite blurry, 24 = better visualization
of retinal vessels, 14 = better definition of optic nerve
head and retinal vessels, trace = slight blurring of optic
disc margin and reflex of the nerve fiber layer cannot be
visualized, and O = no haze. For convenience, vitreous
haze graded as trace and 14 in the Nussenblatt grading is
noted as 1+ in the BOS24. In the present study, chronic
vitreous opacity was observed at every examination, but
not scored with our scoring system.

For scoring retina inflammatory signs, the retinal field is
divided into the posterior pole (areas inside of arcade
vessels) and peripheral retina (areas outside of arcade
vessels), with the latter further divided into 4 areas for each
quadrant; temporal superior, temporal inferior, nasal
superior, and nasal inferior. When scoring the peripheral
retina, 2 points are added for each quadrant with new
inflammatory signs, that is, any new retinal exudates or
hemorrhages (maximum §8 points). Retinal edema is
sometimes seen as chronic inflammation, thus it is not
scored in the absence of other findings. When scoring the
posterior pole of the retina, the percentage of the area of
new inflammatory signs (hemorrhages, exudates) occupy-
ing areas of the posterior pole is first determined, with
areas of retinal edema not included. The score is assigned 2
points if the percentage of the area of new inflammatory
signs is less than 10 %, 3 points if the percentage is 10 %
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or more and less than 25 %, or 4 points if the percentage is
25 % or more.

As the fovea is considered to be especially important for
affected patients, for any new hemorrhages or exudates
observed in the fovea 2 points are added as the subfoveal
lesion score. If there are new inflammatory signs for the
optic disc (papillar edema usually accompanied by hem-
orrhages, exudates, retinal edema surrounding the optic
disc), 2 points are added as the optic disc lesion score.

Determination of BOS24 validity

To determine the validity of our scoring system, 5 uveitis
specialists (T.K., K.N., K.S, TK., HK.) examined the
clinical records of 50 ocular attacks in 50 patients and
estimated the severity of each. First, they determined the
physician’s impression score (1-10 points) of each of the
50 attacks based on the descriptions in the clinical records.
The physician’s impression score was determined based on
simple impressions about the severity of the ocular attack
in the same way as a visual analog scale (VAS), ranging
from 1 to 10 points. They next determined the BOS24
scores independently, based on the descriptions of the
clinical records. The scores were collected and the con-
cordance rate among the 5 doctors was determined by
calculating the coefficient of variance and maximum error
rate using the following equations:

coefficient of variance (CV) = standard deviation/average
maximum error rate (MER) = maximum error* (ME) / average

*denotes maximum score among 5 doctors — minimum
score among 5 doctors.

The variance and concordance of the scores between the
2 scoring methods were statistically examined using Stu-
dent’s paired #-test. In addition, the direct relationship
between the doctor’s impression score and BOS24 was
examined with Spearman’s rank-correlation coefficient.

BOS24 scoring before and after infliximab therapy

Patients in the present study had ocular BD, were referred to
the uveitis clinics of 10 referral-based university hospitals in
Japan and initially received infliximab therapy between
January 2001 and December 2011. They were diagnosed
with BD on the basis of criteria established by the Behget’s
Disease Research Committee of Japan [20]. Briefly, those
criteria for the complete type, include the presence of 4 major
lesion types (oral aphthae, genital ulceration, uveitis, skin
lesions), and for the incomplete type, 3 of those major lesions
or uveitis, or 1 major lesion plus 2 minor lesions (arthritis,
vascular lesion, central nervous system involvement, epi-
didymitis and digestive organ lesions).
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An open-label trial of infliximab was held in Japan from
2000 to 2005 for patients with refractory uveoretinitis due
to BD who, despite the use of systemic anti-inflammatory/
immunosuppressive drugs such as colchicine, cyclosporine,
and/or systemic corticosteroid, continued to have ocular
attacks, or were intolerant to such treatment. Infliximab
was later approved in 2007 for patients with refractory
uveoretinitis due to BD who, despite the use of systemic
anti-inflammatory/immunosuppressive drugs, continued to
have ocular attacks. In the present study, 190 patients who
had received infliximab therapy for ocular BD were ini-
tially enrolled. However, 40 were excluded because they
had no ocular attacks during the observation period
(6 months before initiation of infliximab) or the scores of
their ocular attacks from 6 months before the initiation of
infliximab could not be determined because they had not
undergone an examination at the time of the ocular attacks.
Finally, a total of 150 patients (118 men, 32 women; age at
initiation of infliximab 38.5 4 12.1 years old) were
enrolled to examine changes in BOS24. All patients in this
study received infliximab therapy, as they continued to
have ocular attacks, despite the use of systemic anti-
inflammatory/immunosuppressive drugs or were intolerant
of such treatment.

Data collection and statistical analysis

Clinical records were reviewed for gender, age of onset of
uveitis, type of BD (complete or incomplete), visual acuity
at the last remission each year from the onset of ocular
disease, and medications received before and after initia-
tion of infliximab therapy. In addition, the numbers of
ocular attacks per eye during the 6 months before initiation
of infliximab, the numbers of ocular attacks per eye every
6 months during the 3 years after initiation of infliximab
therapy, and BOS24 for each ocular attack were examined
by uveitis specialists by referring to the clinical records of
each of the participating hospitals.

For this study, an ocular attack was defined as acute
aggravation of intraocular inflammation with subjective
symptoms of uveitis (conjunctival ciliary injection, float-
ers, blurred vision, etc.), and objective signs observed by
slit-lamp microscopy and funduscopy [9]. To determine
consensus among the uveitis specialists participating in this
study, anterior chamber cells detected with slit-lamp
microscopy were routinely scored using a semi-quantita-
tive scoring system with 6 grades (0, 0.54, 1+, 24, 3+,
4+, as recommended by the SUN Working Group [19].
Vitreous opacity was also routinely scored using a semi-
quantitative scoring system with 6 grades (0, 0.5+, 1+,
2+, 3+, 4+), as recommended by Nussenblatt et al. {20].
For the BOS24, cells in the anterior chamber (maximum 4
points) were graded using the scales presented by the SUN

Working Group [19] and vitreous opacity (maximum 4
points) following Nussenblatt [20], both with slight modi-
fications, as described above (Table 1). We considered that
an increase in cells in the anterior chamber by grade 1+ or
more indicated an ocular attack. Signs indicative of recent
inflammation (obvious increase in vitreous opacity, retinal
exudates, hemorrhages, vasculitis, edema) shown by fun-
duscopy were also considered an ocular attack. Simulta-
neous bilateral attacks (attacks in both eyes) were
considered to be 2 attacks, 1 attack in each eye, and BOS24
was separately determined for each eye.

The numbers of ocular inflammatory attacks during the
6-month periods before and after initiation of infliximab
(pre 6, post 0-6, post 7-12, post 13-18, post 19-24, post
25-30, post 31-36 months) were determined for each
patient. Moreover, the summation of BOS24 in a 6-month
period, BOS24-6M, was calculated by adding up the
BOS24 for every attack in the target 6-month period as a
means of showing inflammatory activity during a given
period of time. Best-corrected visual acuity was assessed
using Landolt ring charts. Decimal best-corrected visual
acuity was converted to a logarithm of the minimum angle
of resolution prior to statistical analysis. Data collection
forms were filled out by treating physicians at each par-
ticipating center, and sent to a central data collection office
(University of Tokyo Hospital) for collation and analysis.

Statistical analyses were conducted using Student’s
paired t-test, Fisher’s exact probability test, Spearman’s
rank-correlation coefficient test, Wilcoxon signed-ranks
test, or Mann—Whitney U test with SPSS for Windows
version 14.0 (SPSS Inc., Chicago IL, USA). Values are
shown as the mean + SD and a level of p < 0.05 was
accepted as statistically significant. This retrospective
study was approved by the ethical committees of the
University of Tokyo Hospital and collaborating hospitals.

Results
Validity of BOS24

To determine the validity of BOS24, 5 uveitis specialists
examined 50 clinical records of ocular inflammatory
attacks in patients with BD and noted their BOS24 and
physician’s impression score, as described in the Patients
and methods Section. The average score for the 50 ocular
attacks was 6.2 £ 3.3 with BOS24 and 4.2 £ 1.6 with .
doctor’s impression scoring (Table 2), while the standard
deviation was 0.65 £ 0.56 for BOS24 and 0.85 £ 0.42 for
physician’s impression scoring. The coefficient of variance
among the 5 doctors was 11.1 + 10.1 % for BOS24 and
19.9 £ 9.7 % for physician’s impression score: signifi-
cantly lower for BOS24 (p < 0.0001, Student’s paired #-
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Table 2 Variation of doctor’s impression score and BOS24 among 5
uveitis specialists

Doctor’s BOS24 p value
impression
score
Average score of 50 ocular 4.17 £+ 1.63 6.18 £+ 3.31
attacks (points)
Standard deviation of 50 0.85 £ 042 0.65 £+ 0.56
ocular attacks (points)
Coefficient of variance 199 +£97 11.1 £10.1 <0.0001*
among 5 doctors (%)
Maximum error (points) 2.06 £1.08 138 £ 1.21 0.0016%
Maximum error rate among 48.3 =249 24.1 £+ 22.8 <0.0001*
5 doctors (%)
Perfect concordance cases 5/50 (10) 16/50 (32) 0.0128°

of evaluation among 5
doctors (%)

? Student’s paired z-test
® Fisher’s exact probability test

test). Moreover, the maximum error among the 5 doctors
was 1.38 &= 1.21 for BOS24 and 2.06 £ 1.08 for physi-
cian’s impression score (p = 0.0016, Student’s paired z-
test), while the maximum error rate among them was
24.1 £ 22.8 % for BOS24 and 48.3 + 24.9 % for physi-
cian’s impression score (p = 0.0016, Student’s paired -
test). Five (20 %) cases showed perfect concordance
regarding physician’s impression score and 16 regarding
BOS24 among the 5 doctors (p = 0.0128, Fisher’s exact
probability test).

To clarify the relationship between the BOS24 and the
physician’s impression score, the averages for the 5 doctors
were directly plotted and the correlations were examined
using Spearman’s rank-correlation coefficient test (Fig. 2).
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Fig. 2 Relationship between physician’s impression score and
BOS24. The average values for physician’s impression score and
BOS24 among 5 doctors for judgment of the same ocular attack were
directly plotted, and the correlation was examined using Spearman’s
rank-correlation coefficient test. A strong relationship between
physician’s impression score and BOS24 was seen (the linear
approximate equation used was as follows: y = 1.8404x — 1.4948,
R? = 0.926; p value = 0.926, p < 0.0001, Spearman’s rank-correla-
tion coefficient test)
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A strong relationship between the scoring systems was
shown (p value = 0.926, p < 0.0001, Spearman’s rank-
correlation coefficient test), indicating that BOS24 was
highly correlated with the physician’s impression score and
had a much lower variance.

Patient profiles

Baseline characteristics and pertinent medical histories for
the 150 patients in this study are summarized in Table 3.
Men comprised 79 % (n = 118). Age at the initiation of
infliximab therapy was 38.5 £ 12.1 years old and 53 %
(n = 80) of the patients were 20-39 years old. Most
patients had a uveoretinitis duration of less than 10 years.
The average number of ocular attacks in the 6-month
period before starting infliximab was 3.2 = 2.0 and all

Table 3 Baseline characteristics and relevant medical history of 150
patients

Characteristic Value
Sex, no. (%)
Male 118 (79)
Female 32 (2D
Age, years, no. (%)
<20 7(5)
20-39 80 (53)
40-59 53 (35)
>60 10 (7)
Mean (SD) 38.5 (12.1)
Uveoretinitis duration, years, no. (%)
<5 78 (52)
5-10 41 27)
10-15 21 (14)
>15 10 (7)
Mean (SD) 6.1 (5§.3)

No. of ocular attacks in 6-month period before starting infliximab, no.
(%)

1-2 69 (16)
3-4 49 (21)
>5 32 (33)
Mean (SD) 32 (.0
Cyclosporine use before starting infliximab, no. (%)
Yes k 63 (42)
No 87 (58)
Colchicine use before starting infliximab, no. (%)
Yes 84 (56)
No 66 (44)
Oral corticosteroid use before starting infliximab, no. (%)
Yes 55 (37)
No 95 (63)
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Frequency of ocular attacks
(times/6 months)

Pre 6-mo
Post 1-6 mo
Post 7-12 mo
Post 13-18 mo
Post 19-24 mo
Post 25-30 mo
Post 31-36 mo

Fig. 3 Frequency of ocular attacks before and after initiation of
infliximab. The numbers of ocular attacks in individual patients
during each 6-month period before and after initiation of infliximab
therapy were examined. Acute uveitis episodes during the 6-month
period before treatment numbered 3.17 £ 2.00 (baseline), while those
occurring from months 1-6, 7-12, 13-18, 19--24, 25-30, and 31-36
numbered 0.53 £ 1.10, 0.66 £ 1.07, 0.69 £ 1.15, 0.63 £ 1.25,
0.36 4 0.75, and 0.35 £ 0.78, respectively. Statistical analysis was
performed using Wilcoxon’s signed-ranks test. **p < 0.0001 as
compared with baseline

BOS24-6M

Pre 6-mo
Post 1-6 mo
Post 7-12 mo
Post 13-18 mo
Post 19-24 mo
Post 25-30 mo
Post 31-36 mo

Fig. 4 Changes in BOS24-6M before and after initiation of inflix-
imab. BOS24 in individual patients during the 6-month periods
(BOS24-6M) before and after initiation of infliximab therapy were
examined. The BOS24-6M value was 19.7 £ 17.4 during the
6-month period before treatment (baseline), while those in months
1-6, 7-12, 13-18, 19-24, 25-30, and 31-36 were 2.7 + 6.9,
29+57,27£56,25+58, 1.4 +38, and 1.2 £ 2.9, respec-
tively. Statistical analysis was performed using Wilcoxon’s signed-
ranks test. **p < 0.0001 as compared with baseline

patients had at least 1 attack during that period. Prior to
starting infliximab, 42 % of the patients were using
cyclosporine, 55 % colchicine, and 37 % oral corticoste-
roid, many of whom immediately discontinued cyclospor-
ine and colchicine with infliximab therapy initiation, while
others tapered to lower maintenance doses.

BOS24

Pre 6-mo

Post 1-6 mo
Post 7-12 mo
Post 13-18 mo
Post 19-24 mo
Post 25-30 mo
Post 31-36 mo

Fig. 5 Changes in BOS24 for individual ocular attacks before and
after initiation of infliximab. The average BOS24 values for
individual ocular attacks in each 6-month period before and after
initiation of infliximab therapy were examined. The average BOS24
for an individual ocular attack during the 6-month period before
initiation of infliximab (baseline) was 5.8 & 3.7, while that for
months 1-6 after treatment was 4.8 £ 3.4 (p < 0.05, Wilcoxon’s
signed rank test). Thereafter, the scores gradually decreased in
months 7-12, 13-18, 19-24, 25-30, and 31-36 to 4.2 & 2.6,
40+30, 40=£25, 35423, and 3.5 %25, respectively
(*p < 0.05, **p < 0.0001 as compared with baseline, Wilcoxon’s
signed-ranks test)

Frequency of ocular attacks and BOS24
before and after infliximab

As shown in Fig. 3, the number of ocular attacks in each
patient decreased significantly from 3.2 £ 2.0 during the
6 months before starting infliximab (baseline) to 0.5 & 1.1,
07+11,07+12,06=*13,04=+08, and 0.4 £ 0.8
at 1-6, 7-12, 13-18, 19-24, 25-30, and 31-36 months,
respectively, after starting therapy (p < 0.001 vs baseline
for all 6 periods, Wilcoxon’s signed rank test). In addition,
as shown in Fig. 4, the BOS24-6M value also decreased
significantly from 19.7 4= 17.4 at baseline to 2.7 + 6.9,
29+£57,27+56,25£58,14£38,and 1.2 £ 2.9,
respectively, during each 6-month period after initiation of
therapy (p < 0.001 vs baseline for all 6 periods,
*p < 0.0001, Wilcoxon’s signed rank test). These results
demonstrated that infliximab therapy strongly suppressed
the activity of uveitis due to BD.

Changes in BOS24 before and after starting infliximab
therapy

To clarify the changes in ocular attacks before and after
initiation of infliximab therapy, changes in BOS24 for each
attack were examined (Fig. 5). The average BOS24 for
individual ocular attacks was significantly decreased from
5.8 &+ 3.7 at baseline to 4.8 + 3.4 during the first 6 months
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Fig. 6 Changes in BOS24 parameters for individual ocular attacks
before and after initiation of infliximab. The average score for each of
the 6 parameters of the BOS24 for individual ocular attacks during
each 6-month period before (baseline) and after initiation of
infliximab therapy were separately examined. a Anterior chamber

after starting infliximab (p < 0.05, Wilcoxon’s signed rank
test) and then continued to decrease gradually in each
6-month  period thereafter (4.2 &+ 2.6, 4.0+ 3.0,
4.0 £ 2.5,3.5 £ 2.3,3.5 £ 2.5, respectively; p < 0.001 vs
baseline for all 5 periods, Wilcoxon’s signed rank test).
These results suggested that the severity of each ocular
attack was suppressed after initiation of infliximab.

In addition, to examine changes in the characteristics of
the ocular attacks with the initiation of infliximab therapy,
the average scores for each of the 6 parameters of BOS24
for individual ocular attacks in each 6-month period were
also investigated (Fig. 6). While the scores for anterior
chamber cells and disc were not changed, those for vitreous
opacity, peripheral retina, posterior pole of the retina, and
fovea were significantly decreased in most of the periods
after initiation of infliximab therapy (Fig. 6), with score
reductions in the posterior pole of the retina and fovea
especially prominent. These results suggested that inflix-
imab therapy changes the characteristics of ocular attacks,
especially those accompanying lesions in the posterior pole
of the retina and fovea.
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cells, b vitreous opacity, ¢ peripheral fundus lesions, d posterior pole
lesions, e subfoveal lesions, and f optic disc lesions. Statistical
analysis was performed using the Mann—Whitney U test. *p < 0.05,
*##p < 0.01, ***p < 0.001, as compared with baseline

Discussion

The characteristics of uveitis due to BD are (1) recurrent
acute ocular inflammation (so-called ocular inflammatory
attacks), (2) acute iridocyclitis, so strong that it is some-
times accompanied by hypopyon, and (3) uveoretinitis
causing retinal exudates and/or hemorrhages that are
sometimes accompanied by occlusion of retinal vessels.
These ocular inflammatory lesions are usually transient and
disappear spontaneously, even if no treatment is adminis-
trated. Thus, evaluation of ocular inflammatory activity is
difficult, because its severity can vary greatly between
appointments.

Evaluation of ocular inflammatory activity is mainly
performed based on frequency of the ocular inflammatory
attacks [5~7, 10, 11] or type of inflammatory attacks, such
as anterior uveitis only or anterior and posterior uveitis [11,
12], presence or absence of severe ocular inflammation
signs (hypopyon, involvement of inflammation of retina,
macula, or optic disc) [11], or physicians’ impression of
severity (i.e. mild, moderate, severe) [13, 14]. The BDCAF
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is a popular clinical instrument used to assess the systemic
activity of BD [13, 14]. The scoring is based on the history
of new clinical features presented over the 4 weeks prior to
assessment. Determination of ocular disease activity with
the BDCAF is dependent on patients’ answers to questions
regarding whether symptoms (red eye, blurred vision, eye
pain) were present during the preceding 4 weeks. However,
the definitions of the points in the scale are imprecise,
especially regarding ocular diseases. We, therefore, deci-
ded to establish a more definite scoring system to evaluate
ocular disease activity in BD patients, termed BOS24.

The BOS24 consists of a total 24 points that sum up 6
parameters of ocular inflammatory signs dependent on the
severity of clinical inflammatory signs in the eyes, with
focus on the characteristics of ocular attacks in BD
patients. Since this scoring System consists of only objec-
tive findings and no subjective rating such as patient
impression, it is preferable as a tool for scientific analysis.
Furthermore, the BOS24 may be useful as a complement to
the BDCAF when evaluating ocular status. We believe that
the BOS24 is uniquely specialized for the characteristics of
ocular BD and optimal for evaluation for related disease
activity.

In the present study, we first assessed the reliability and
validity of BOS24. Five uveitis specialists examined the
clinical records of 50 BD patients in regard to ocular
inflammatory attacks using the BOS24 and doctor’s
impression (1-10 points) scores. Using those findings, we
determined the differences between BOS24 and physi-
cian’s impression scoring among 5 doctors. The coefficient
of wvariance was significantly lower for BOS24
(p < 0.0001, Student’s paired ¢ test, Table 3), while the
maximum error rate among the doctors was also signifi-
cantly lower for BOS24 (p = 0.0016, Student’s paired ¢-
test). Moreover, a strong relationship between physician’s
impression score and BOS24 score was shown by scattered
plot analysis (p value = 0.926, p < 0.0001, Spearman’s rank-
correlation coefficient test, Fig. 2). Together, these results
suggest that BOS24 is highly correlated with scores based on
physician’s impression, with a much lower variance among
doctors as compared with physician’s impression scoring.

In our comparison between BOS24 and clinical
impression score for validation of our system, some
observer bias was noted when the same patients were
scored by the two systems, which might have been reduced
by the use of a masked independent physician scoring
method. On the other hand, fairness in the comparison of
the two scoring systems may have also been reduced,
because different doctors evaluated each of the scoring
systems. Thus, it seems impossible to completely negate
the bias due to the limitations of the study design.

Using our scoring system, we also examined changes in
ocular disease activity before and after initiation of

infliximab therapy. A total of 150 patients treated at 10
regional university hospitals in Japan for ocular BD with
infliximab were enrolled to examine changes in BOS24
both before and after starting therapy. As expected, both
the number of ocular attacks during each 6-month exami-
nation period, and total BOS24 in various 6-month periods
(BOS24-6M) decreased dramatically after starting inflix-
imab (Figs. 3, 4). In addition, the average BOS24 score for
each ocular attack decreased after starting therapy (Fig. 5).
These results suggest that infliximab has the potential to
reduce not only the frequency of ocular attacks, but also
ocular disease activities in BD. Furthermore, our results
obtained with the BOS24 are the first to show that the
severity of each ocular attack was also suppressed by inf-
liximab administration.

When we analyzed the 6 parameters of the BOS24 for
each ocular attack, scores for vitreous opacity, peripheral
retina, posterior pole of the retina, and foveal lesions
decreased significantly during most of the examined
periods after beginning therapy, with score reduction in
the posterior pole of the retina and fovea especially
prominent (Fig. 6). These results indicate that infliximab
has the potential to reduce the frequency of ocular
attacks, especially in the posterior poles, including the
fovea. This is very important because inflammation in the
posterior poles including the fovea leads directly to per-
manent visual loss. Furthermore, these results confirm the
report by Okada, who noted reductions in the severity of
ocular attacks after initiation of infliximab therapy [8]. In
50 cases of BD examined in that study, 133 ocular
inflammatory attacks were observed in the 6-month period
before the initiation of infliximab, of which 96 (72 %)
were moderate or severe. On the other hand, 22 attacks
were observed in the 6-month period after initiation of
infliximab, of which only 7 (32 %) were moderate or
severe. The present study confirmed those results and also
clarified the portions affected by the ocular attacks in
detail. On the other hand, we were unable to determine
the precise mechanism related to prevention of ocular
attacks in those areas, though such information might be
greatly beneficial for preventing loss of visual acuity in
patients with refractory uveitis due to BD.

The BOS24 scoring system is simple to use, as it is
based on new inflammatory signs in the eyes. Thus, we
think that most ophthalmologists by observing and noting
fresh inflammatory signs, such as cells in the anterior
chamber, vitreous haze, retinal hemorrhages, exudates
and vasculitis, can utilize this novel system. In addition,
our goal was to make the BOS24 scoring system simple
enough to use retrospectively with medical records.
Nevertheless, there are some limitations to this system.
For example, ocular attacks cannot be scored if the patient
does not undergo an examination during an ocular attack.
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Furthermore, it is difficult to score retinal lesions if ocular
fundus lesions are invisible due to vitreous opacity, vit-
reous hemorrhages, or the presence of a cataract. Thus,
previous scoring systems including the number of attacks
and BCVA remain the most established methods of
evaluation of ocular disease activities in patients with BD.
However, counting the number of attacks based on patient
complaints without a medical examination can also be
inaccurate. For example, if the patient notes blurred vision
in the absence of a true ocular inflammatory attack, the
number of attacks may be miscounted. All scoring systems
have limitations, including BOS24. In the present study, no
scoring was possible for patients who did not visit a hospital
during an ocular attack or in cases with invisible ocular fundus
lesions, thus those were not included in the BOS24-6M total.
Nevertheless, we consider that this novel system is useful and
reliable, as it can be used by doctors to evaluate the severity of
ocular attacks by assessing new inflammatory signs in the
eyes. Moreover, we believe that BOS24-6M is an excellent
method for evaluating ocular disease activities, as it considers
not only the frequency of ocular inflammatory attacks, but
also the severity of each. Further evaluations, minor changes
to the system, and accumulation of evidence are necessary.

In conclusion, we developed a novel disease activity
scoring system for determining ocular inflammation in
patients with BD, termed BOS24. Our findings demonstrate
that the results of the system were well correlated with
physician’s impression scores and had significantly higher
reproducibility among doctors. Using BOS24, we found that
infliximab therapy reduced not only the total scores for dis-
ease activity during specific 6-month periods (BOS24-6M),
but also the severity of individual ocular attacks. The
reduction of scores after initiation of therapy was particularly
high in the posterior portion of the retina and fovea, dem-
onstrating that infliximab has potential for preventing loss of
visual acuity. Nevertheless, a prospective study may be
necessary to clarify the effectiveness of infliximab on disease
activity in patients with ocular BD. We believe that BOS24 is
a promising tool for evaluating ocular BD activities.
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Purrose. TNF-a disrupts the barrier function of cultured human corneal epithelial GFICE) cells.
We investigated the effects of the cytoprotective drug rebamipide on this barrier disruption
by TNE-ua as well as on corneal epithelial damage in a rat model of dry eye.

MeTsODS. The barrier function of HCE cells was evaluated by measurement of transepithelial
electrical resistance. The distribution of tightjunction (ZO-1, occludin) and adherens-junction
(E-cadherin, B-catenin) proteins, and the p65 subunit of nuclear factor-kB (NF-xB) was
determined by immunofluorescence microscopy. Expression of junctional proteins as well as
phosphorylation of the NF-xB inhibitor IxB-o. and myosin light chain (MLC) were examined by
immunoblot analysis. A rat model of dry eye was developed by surgical removal of exorbital
lacrimal glands.

Resurts. Rebamipide inhibited the disruption of barrier function as well as the downregu-
lation of ZO-1 expression, and the disappearance of ZO-1 from the interfaces of neighboring
HCE cells induced by TNF-a. It also inhibited the phosphorylation and downregulation of IkB-
o, the translocation of p65 to the nucleus, the formation of actin stress fibers, and the
phosphorylation of MLC induced by TNF-o in HCE cells. Treatment with rebamipide eyedrops
promoted the healing of corneal epithelial defects as well as attenuated the loss of ZO-1 from
the surface of corneal epithelial cells in rats.

Concrusions. Rebamipide protects corneal epithelial cells from the TNF-a-induced disruption of
barrier function by maintaining the distribution and expression of ZO-1 as well as the organiza-
tion of the actin cytoskeleton. Rebamipide is, thus, a potential drug for preventing or
ameliorating the loss of corneal epithelial barrier function associated with ocular inflammation.

Keywords: cytokine, corneal epithelium, wound healing, barrier

he corneal epithelium serves as a barrier to protect the eye

from external agents such as microbes and chemicals as
well as to maintain corneal transparency.!~> The formation of
tight junctions (IJs) between adjacent epithelial cells at the
apical plasma membrane®> gives rise to both a physical and
functional barrier. Adherens junctions (AJs) between epithelial
cells play an important role in the formation of TJs.” The
protein components of TJs include zonula occludens (ZO-1,
Z20-2, and ZO-3), occludin, claudin, and junctional adhesion
molecules (JAMs),®® whereas AJs are composed of cadherins
and catenins (o-catenin, B-catenin, p120 catenin).!%1! Both AJ
and TJ components are tightly linked to the actin cytoskele-
ton.1213 ZO-1, occludin, claudin, E-cadherin, and B-catenin
have been detected in the corneal epithelium'4-'¢ and are
thought to determine its barrier function.!7-22

The inflammatory response to a variety of insults such as
injury and infection includes the production of various
cytokines and chemokines. TNF-a, a proinflammatory cyto-
kine,?3 contributes to ocular inflammation such as that
associated with infection,?* injury,?> and dry eye.?¢ Ocular
inflammation associated with ocular surface diseases has been
shown to affect corneal structure and function.?’-?8 The
concentration of TNF-o in tear fluid has been found to be
markedly increased in patients with dry eye.?® Moreover, the

Copyright 2013 The Association for Research in Vision and Ophthalmology, Inc.
www.iovs.org | ISSN: 1552-5783

amount of TNF-a at the ocular surface is increased in a mouse
model of dry eye 26:30:31

Rebamipide was selected from among more than 500 amino
acid analogs of 2(1H)-quinolinone tested for the ability to
prevent the development and to promote the healing of gastric
ulcers by stimulating the production of prostaglandins by the
gastric mucosa.3? It also exhibits anti-inflammatory activity in
the esophagus and stomach as a result of its inhibition of the
production of cytokines and chemokines by several cell
types.3>34 Corneal damage including structural irregularities
and haze induced by ultraviolet B radiation has also been found
to be attenuated by rebamipide in mice.?%

We have previously shown that TNF-o disrupts the barrier
function of cultured human corneal epithelial GFICE) cells.?! In
the present study, we examined the effect of rebamipide on the
loss of transepithelial electrical resistance (TER) induced by
TNF-o. in these cells. We also investigated the effects of
rebamipide on the expression and distribution of TJ and AJ
proteins, on the nuclear factor (NF)-kB signaling pathway, and
on the actin cytoskeleton in corneal epithelial cells exposed to
TNF-o.. Finally, we examined the effect of administration of
rebamipide eyedrops on corneal epithelial damage in a rat
model of dry eye induced by removal of lacrimal glands.

2752



Investigative Ophthalmology & Visual Science

Rebamipide Protects the Barrier Disruption

METHODS
Materials

Dulbecco’s modified Eagle’s medium nutrient mixture F-12
(DMEM/F-12), PBS, fetal bovine serum, trypsin-EDTA, and
gentamicin were all obtained from Invitrogen-Gibco (Carlsbad,
CA). Bovine serum albumin (BSA), recombinant bovine insulin,
cholera toxin, recombinant human epidermal growth factor, a
mouse monoclonal antibody to myosin light chain (MLC), and a
protease inhibitor cocktail were all from Sigma-Aldrich (St.
Louis, MO). Six- or 24-well transwell plates as well as 24-well
culture plates were obtained from Corning (Corning, NY).
Rabbit polyclonal antibodies to the p65 subunit of NF-xB and
mouse monoclonal antibodies to IkB-a or to phosphorylated
IkB-o. were obtained from Santa Cruz Biotechnology (Santa Cruz,
CA). Rabbit polyclonal antibodies to phosphorylated MLC were
from Cell Signaling (Danvers, MA), whereas those to ZO-1 or to
occludin were from Zymed (San Francisco, CA). Mouse
monoclonal antibodies to E-cadherin or to B-catenin were
obtained from BD Biosciences (Carlsbad, CA). Cyto59, horse-
radish peroxidase-conjugated, or AlexaFluor 488-labeled goat
antibodies to mouse or rabbit immunoglobulin G, and rhoda-
mine-phalloidin were from Invitrogen-Gibco. ECL Plus reagents
were obtained from GE Healthcare (Little Chalfont, UK). 2-(4-
Chlorobenzamido)-3-[2(1 H)-quinolinon-4-yllpropionic acid (re-
bamipide) was obtained from Tokyo Chemical Industry (Tokyo,
Japan). Rebamipide ophthalmic suspension (2%) and vehicle
(the same solution without rebamipide) were formulated at
Otsuka Pharmaceutical Co., Ltd. (Ako, Hyogo, Japan).

Cells and Cell Culture

Simian virus 40-immortalized HCE cells3*® were obtained from
RIKEN Biosource Center (Tokyo, Japan). They were passaged
in supplemented hormonal epithelial medium (SHEM), which
comprises DMEM/F-12 supplemented with 15% heat-inactivat-
ed fetal bovine serum, bovine insulin (5 pg/mL), cholera toxin
(0.1 pg/mL), human epidermal growth factor (10 ng/mL), and
gentamicin (40 pg/ml). For experiments, HCE cells were
plated at a density of 1 X 105 or 3 X 10° cells per well in 24- or
6-well transwell plates (filter pore size of 0.4 um), respectively,
orat 1 X 10> cells per well in 24-well culture plates. They were
then cultured for 4 days in SHEM and for 24 hours in
unsupplemented DMEM/F-12 before incubation first for 12
hours with or without rebamipide and then for the indicated
times in the additional absence or presence of TNF-o (10 ng/
mL) in unsupplemented DMEM/F-12. Rebamipide was dis-
solved in unsupplemented DMEM/F-12 at a concentration of 2
mM (stock solution) for HCE cell experiments.

Measurement of TER

The TER of HCE cells cultured in 24-well transwell plates was
measured with the use of an Epithelial Volt-ohm meter (EVOM,;
World Precision Instruments, Sarasota, FL).?:22 TER (ohms X
centimeter squared) was calculated by multiplying the
measured resistance by the area of the transwell filter. The
background resistance due to the filter alone (~130 ohms X
cm?) was measured before cell plating and was subtracted
from the experimental values.

Immunofluorescence Analysis

HCE cells were cultured in 24-well culture plates. For ZO-1,
occludin, E-cadherin, and (-catenin staining, the cells were
fixed with 100% methanol for 20 minutes at room temperature.
For staining of the p65 subunit of NF-kB, the cells were fixed
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with 4% paraformaldehyde in PBS, washed with PBS, and
permeabilized with 100% methanol for 5 minutes at —20°C. All
cells were then washed with PBS and incubated at room
temperature for 1 hour with 1% BSA in PBS and then for 1 hour
with antibodies to ZO-1, to occludin, to E-cadherin, to B-
catenin, or to p65, each at a 1:100 dilution in PBS containing
1% BSA. After washing with PBS, the cells were incubated at
room temperature for 1 hour with AlexaFluor 488-labeled
secondary antibodies at a 1:1000 dilution in PBS containing 1%
BSA, and then for 10 minutes with Cyto59 for staining of
nuclei. For staining of the actin cytoskeleton, cells fixed and
permeabilized as for staining of p65 were incubated for 1 hour
at room temperature with rhodamine-phalloidin at a 1:100
dilution in PBS containing 1% BSA. All cells were then
examined with a laser confocal microscope (LSM5; Zeiss,
Oberkochen, Germany). The intensity of ZO-1 immunofluo-
rescence was measured with the use of the National Institutes
of Health ImageJ software (version 1.46r; Bethesda, MD).

Immunoblot Analysis

HCE cells cultured in 6-well transwell plates were lysed in 300
uL of a solution containing 50 mM Tris-HCI (pH 7.5), 150 mM
NaCl, 1 mM EDTA, 5 mM NaE 1% Nonidet P-40, 0.5% sodium
deoxycholate, 0.1% SDS, 1 mM NaszVOy, and 1% protease
inhibitor cocktail. The lysates were centrifuged at 15,000g for
10 minutes at 4°C, and the resulting supernatants were
subjected to SDS-PAGE on a 10% gel. The separated proteins
were transferred to a nitrocellulose membrane, which was
then incubated at room temperature first for 1 hour with
blocking buffer (20 mM Tris-HCI [pH 7.4], 5% dried skim milk,
0.1% Tween 20) and then for 2 hours with primary antibodies,
each at a 1:1000 dilution in blocking buffer. The membrane
was washed with washing buffer (20 mM Tris-HCl [pH 7.4],
0.1% Tween 20), incubated for 1 hour at room temperature
with horseradish peroxidase-conjugated goat secondary anti-
bodies (1:1000 dilution in washing buffer), washed again,
incubated with ECL Plus detection reagents for 5 minutes, and
then exposed to film.

Rat Model of Dry Eye and Evaluation of Corneal
Epithelial Damage

Male 4-week-old Sprague-Dawley rats were obtained from SLC
Japan (Shizuoka, Japan). All animal procedures were performed
in accordance with the ARVO Statement for the Use of Animals
in Ophthalmic and Vision Research and were approved by the
animal experimentation committee of Yamaguchi University
Graduate School of Medicine. A rat dry eye model was
prepared.®” In brief, rats at 5 weeks of age were anesthetized
by intraperitoneal injection of pentobarbital sodium for
bilateral removal of the exorbital lacrimal glands. Dry eye
was evaluated 5 weeks after surgery by staining of the cornea
with 1 pL of 1% fluorescein in saline. Excess fluorescein was
washed out from the eye with saline, and corneal staining was
photographed with the use of a confocal laser-scanning
ophthalmoscope (F-10; NIDEK, Aichi, Japan). The rats (z = 8
per group) were then treated four times daily for 4 weeks in
each eye with 5 pL of 2% rebamipide ophthalmic suspension or
corresponding vehicle. The extent of corneal epithelial damage
was evaluated by fluorescein staining at 4, 7, 14, 21, and 28
days after the onset of treatment. For evaluation of staining,
photographs of the cornea were divided transversely into three
sections and each section was scored from 0 to 3 (0, no
staining; 1, scattered staining [punctate or dispersed]; 2,
moderate staining; 3, pronounced staining) by an observer
not aware of whether the eye received rebamipide or vehicle.
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The scores for the three sections were summed to give the
total score for the cornea (maximum score of 9).

After the final evaluation of corneal epithelial damage, rats
were killed with a lethal dose of pentobarbital sodium, the eyes
were enucleated, and each cornea was isolated, and cut into
four tissue blocks. The tissue was fixed with acetone for 15
minutes at room temperature, washed with PBS, permeabilized
with 0.1% Triton X-100 in PBS for 10 minutes, and then
incubated with PBS containing 1% BSA for 1 hour to block
nonspecific binding of antibodies. The tissue was then
incubated overnight at 4°C with antibodies to ZO-1 (1:100
dilution), washed with PBS, incubated for 1 hour at room
temperature with Alexa Fluor 488-conjugated secondary
antibodies (1:200 dilution), washed with PBS, and stained
with 4/,6-diamidino-2-phenylindole. The tissue blocks were
then examined with a laser confocal microscope (LSM5; Zeiss)
as described previously for immunofluorescence analysis of
HCE cells. The ZO-1 signal was binarized and the defective area
of ZO-1 staining was measured with ImageJ software (version
1.46r; National Institutes of Health).

Statistical Analysis

Quantitative data are presented as means = SEM. Differences
between two groups were analyzed with Student’s nonpara-
metric #test, and those among multiple groups were evaluated
with ANOVA followed by Dunnett’s multiple-comparison test.
A P value of less than 0.05 was considered statistically
significant.

REsuLTS

We have previously shown that TNF-o downregulates the
barrier function of cultured HCE cells.?! To examine the effect
of rebamipide on the TNF-u-induced disruption of barrier
function in these cells, we measured TER. A confluent
monolayer of HCE cells was cultured in serum-free medium
for 24 hours and then exposed to various concentrations of
rebamipide (0-0.3 mM) for 12 hours before incubation in the
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additional presence of TNF-a for 24 hours. Whereas TNF-o
reduced the TER of HCE cells, this effect was inhibited by
rebamipide in a concentration-dependent manner, with the
action of rebamipide being significant at 0.1 and 0.3 mM
(Fig. D).

We next examined by immunofluorescence analysis the
effects of rebamipide on the distribution of TJ (ZO-1 and
occludin) and AJ (E-cadherin and B-catenin) proteins in HCE
cells exposed to TNF-a. We previously showed that TNF-o
induced the disappearance of ZO-1 from the cell border,?! and
this effect was significantly inhibited by rebamipide at 0.3 mM
(Fig. 2). TNF-a did not affect the localization of occludin, E-
cadherin, or B-catenin at the borders of adjacent cells, and
rebamipide also had no effect on the localization of these
proteins in the presence of TNF-a (Fig. 2).

We previously showed that TNF-a downregulated the
amount of ZO-1 in HCE cells.?! Immunoblot analysis revealed
that rebamipide significantly inhibited this effect of TNF-a (Fig.
3). TNF-a did not affect the abundance of occludin, E-cadherin,
or f-catenin, and rebamipide also had no effect on the
expression of these proteins in the presence of TNF-a (Fig. 3).

NF-kB activation is required for the TNF-a-induced
disruption of barrier function in HCE cells?!; therefore, we
next examined the effect of rebamipide on NF-kB activation
induced by TNF-o in these cells. Incubation of the cells with
rebamipide for 12 hours before exposure to TNF-oo markedly
inhibited both the phosphorylation and degradation of the
endogenous NF-xB inhibitor IkB-o (Fig. 4A) as well as the
translocation of the p65 subunit of NF-kB to the nucleus (Fig.
4B) induced by TNF-a.

We next examined the effect of rebamipide on the
reorganization of the actin cytoskeleton induced by TNF-a.
TNF-o induced the formation of actin stress fibers in HCE cells,
and this effect was inhibited by rebamipide (Fig. 5A). TNF-o
also induced the phosphorylation of MLC in HCE cells in a
manner sensitive to inhibition by rebamipide (Fig. 5B).

Finally, we examined the effect of eyedrops containing
rebamipide on corneal epithelial damage in a rat model of dry
eye induced by bilateral removal of the exorbital lacrimal
glands. Eyedrops containing rebamipide (2%) were adminis-
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Ficure 1.

Effect of rebamipide on the TNF-a-induced loss of barrier function in HCE cells. Cells were cultured with the indicated concentrations of

rebamipide for 12 hours and then in the additional absence (closed bar) or presence (open bars) of TNF-a for 24 hours, after which TER of the cell
monolayer was measured. Data are means = SEM from four independent experiments. *P < 0.05 (ANOVA followed by Dunnett’s test).
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Ficure 2. Effect of rebamipide on the distribution of junctional proteins in HCE cells exposed to TNF-u. (A) Cells were incubated in the absence or
presence of rebamipide (Reb; 0.3 mM) for 12 hours and then in the additional presence of TNF-a for 24 hours, after which they were fixed and
subjected to immunofluorescence analysis with antibodies to ZO-1, to occludin, to E-cadherin, or to B-catenin. Scale bar: 10 pm. (B) Quantitation of
immunofluorescence staining for cells treated as in (A). The mean fluorescence intensity at cell-cell borders at four points chosen at random was
determined by image analysis. Data are means = SEM from three independent experiments. *P < 0.05 (Student’s unpaired #-test).

tered at 6 hour intervals for 28 days. Fluorescein staining
revealed that rebamipide induced significant resurfacing of the
corneal epithelial defects in this model compared with eyes
treated with vehicle (Fig. 6). We also examined the distribution
of ZO-1 in the corneal epithelium at the end of the treatment
period. Immunofluorescence analysis revealed that, whereas
ZO-1 was localized at the interfaces of adjacent corneal
epithelial cells in the healthy eye, removal of the lacrimal
glands resulted in a loss of ZO-1 immunoreactivity from the
borders of superficial epithelial cells in defective areas and that
this effect was greatly attenuated by rebamipide treatment (Fig.
.

DiscussION

We have shown that rebamipide inhibited the TNF-u-induced
decrease in TER of HCE cells in a concentration-dependent
manner. This effect of rebamipide was associated with
inhibition of the TNF-o~induced disappearance of ZO-1 from
the borders of adjacent HCE cells as well as of the TNF-o-
induced downregulation of ZO-1 expression. Rebamipide did
not affect the distribution or abundance of occludin, E-
cadherin, or B-catenin in HCE cells exposed to TNF-o. The
activation of NF-xB signaling, formation of actin stress fibers,
and phosphorylation of MLC induced by TNF-o were also
attenuated by rebamipide. These results, thus, suggest that
rebamipide inhibits the TNF-o-induced disruption of barrier

function in cultured corneal epithelial cells by maintaining the
expression and distribution of ZO-1. Furthermore, rebamipide
ameliorated the corneal epithelial damage as well as inhibited
the loss of ZO-1 from the borders of corneal epithelial cells
induced by removal of lacrimal glands in a rat model of dry eye.
Rebamipide, thus, also appears to protect the corneal
epithelium from disruption of barrier function in vivo.

Rebamipide inhibits the disruption of barrier function in
gastric and intestinal epithelial cells as well as in other epithe-
lial cell types.3®3° We now show that rebamipide protects
against barrier disruption associated with the downregulation
of ZO-1 expression and the loss of ZO-1 from cell-cell borders
induced by TNF-a in HCE cells, and that it exerts similar effects
in a rat model of dry eye. These results suggest that rebamipide
may regulate barrier function by modulating the expression
and localization of the TJ protein ZO-1 in corneal epithelial
cells.

TJ and AJ proteins are associated with perijunctional actin
filaments, which modulate barrier function.®4! The contrac-
tion and rearrangement of the actin cytoskeleton, thus,
contribute to barrier disruption 84243 The phosphorylation
of MLC induces the reorganization of perijunctional actin and
disrupts TJs.#4 We have now shown that rebamipide inhibited
TNF-o-induced MLC phosphorylation and rearrangement of
the actin cytoskeleton in HCE cells, suggesting that rebamipide
modulates the linkage between junctional complexes and the
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Ficure 3. Effect of rebamipide on the expression of junctional proteins in HCE cells exposed to TNF-a.. (A) Cells were incubated in the absence or
presence of rebamipide (0.3 mM) for 12 hours and then in the additional absence or presence of TNF-a for 24 hours, after which cell lysates were
prepared and subjected to immunoblot analysis with antibodies to ZO-1, to occludin, to E-cadherin, to B-catenin, or to B-actin (loading control). (B)
Immunoblots similar to those in (A) were subjected to densitometric analysis for determination of the abundance of each junctional protein
normalized by that of B-actin. Data are expressed relative to the corresponding value for control cells and are means = SEM from three independent
experiments. *P < 0.05 (ANOVA followed by Dunnett’s test).
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Ficure 4. Inhibition by rebamipide of the TNF-a-induced activation of the NF-«B signaling pathway in HCE cells. (A) Cells were incubated for 12
hours in the absence or presence of rebamipide (0.3 mM) and then for 30 minutes in the additional absence or presence of TNF-a.. Cell lysates were
then prepared and subjected to immunoblot analysis with antibodies to IkB-o or to phosphorylated IkB-o (left panel). The amount of
phosphorylated IxkB-o. was determined by densitometric scanning of immunoblots and normalized by the corresponding amount of B-actin (right
panel); data are expressed relative to the normalized value for cells treated with TNF-o alone and are means * SEM from three independent
experiments. *P < 0.05 (ANOVA followed by Dunnett’s test). (B) Cells were incubated for 12 hours in the absence or presence of rebamipide (0.3
mM) and then for 30 minutes in the additional absence or presence of TNF-o. They were then fixed, permeabilized, and subjected to
immunofluorescence analysis with antibodies to the p65 subunit of NF-xB (green signal). Nuclei were detected by staining with Cyto59 (blue
signal). Scale bar: 10 pm.
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Figure 5. Inhibition by rebamipide of the TNF-a-induced reorganization of the actin cytoskeleton and MLC phosphorylation in HCE cells. (A) Cells
were incubated in the absence or presence of rebamipide (0.3 mM) for 12 hours and then in the additional absence or presence of TNF-u for 24
hours. They were then fixed and stained with rhodamine-phalloidin to detect actin filaments (red signal) and with Cyto59 to detect nuclei (blue
signal). Scale bar: 10 pm. (B) Cells were incubated in the absence or presence of rebamipide (0.3 mM) for 12 hours and then in the additional
absence or presence of TNF-o for 24 hours. Cell lysates were then prepared and subjected to immunoblot analysis with antibodies to
phosphorylated MLC and to MLC (left panel). The amount of phosphorylated MLC was determined by densitometric scanning of immunoblots and
normalized by the corresponding amount of MLC (right panel); data are expressed relative to the normalized value for cells incubated without
addition and are means = SEM from three independent experiments. *P < 0.05 (ANOVA followed by Dunnett’s test).

actin cytoskeleton in these cells, and that such modulation may
contribute to the protection of barrier function.

Rebamipide reduced the concentrations of TNF-o, and IL-1
in serum as well as suppressed gastric inflammation in mice
infected with Helicobacter pylori.*> It also inhibited the
expression of IL-8 induced by TNF-o in human umbilical vein

endothelial cells.“¢ Corneal epithelial disorders are associated
with various ocular surface diseases involving inflammation.4”
We have now shown that rebamipide attenuated TNF-o-
induced barrier disruption in HCE cells as well as ameliorated
corneal epithelial damage in a rat model of dry eye. The levels
of IL-1P and TNF-a at the ocular surface were previously found
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Ficure 6. Effect of rebamipide eyedrops on corneal epithelial damage in a rat model of dry eye. Corneal epithelial damage induced by removal of
lacrimal glands was evaluated by fluorescein staining at the indicated times after the onset of treatment four times daily with eyedrops containing 2%
rebamipide or vehicle. The cornea of nontreated healthy rats was evaluated as a normal control. Data are means * SEM for both eyes of eight rats
per group. *P < 0.05 versus the corresponding value for vehicle treatment (Student’s unpaired #test). TP < 0.05 (ANOVA for repeated measures).
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Ficure 7. Effect of rebamipide eyedrops on the distribution of ZO-1 in the corneal epithelium of a rat model of dry eye. (A) Corneal tissue blocks
prepared from a healthy eye or from eyes of a dry eye model treated with vehicle or rebamipide for 28 days were subjected to immunofluorescence
staining with antibodies to ZO-1 (green signal) and to staining of nuclei with 4’,6-diamidino-2-phenylindole (blue signal). Scale bars: 100 pm (left
panels), 20 nm (right panels). (B) The area of the corneal epithelium in which cells show loss of ZO-1 immunoreactivity from cell-cell borders was
determined by image analysis and expressed relative to the value for healthy eyes. Data are means = SEM for both eyes of four rats per group. *P <

0.05 (unpaired Student’s #-test).

to be increased in a dry eye model.?° These various
observations suggest that rebamipide may suppress ocular
inflammation, and thereby help to maintain the integrity of the
corneal epithelium. Indeed, rebamipide has recently been
applied clinically to the treatment of patients with dry eye
symptoms in Japan. Further investigations are warranted to
determine the clinical efficacy of rebamipide for other ocular
inflammatory disorders.

TNF-o induces the expression of matrix metalloprotei-
nases (MMPs) in certain cell types.%849 Activation of MMP-9
at the ocular surface in experimental dry eye has been shown
to promote disruption of corneal epithelial barrier function
as a result of the loss of TJs from superficial corneal epithelial
cells.5° Signaling by NF-xB contributes to the expression of
MMPs.>1:52 Rebamipide reduced the expression of MMP-13 in
human chondrocytes.>> We have now shown that rebamipide
inhibited the TNF-o-induced activation of NF-xB and
downregulation of ZO-1 in HCE cells. These results suggest
that rebamipide may suppress TNF-o-induced expression of
MMPs through inhibition of NF-xB activation, thereby,
attenuating the proteolysis of ZO-1 in HCE cells. TNF-o also
promotes the release of intracellular free radicals,>* which
have been found to contribute to disruption of endothelial
barrier function,>® and rebamipide is thought to act as a
radical scavenger.3?

Ocular inflammation can lead to increased corneal
epithelial permeability as a result of disruption of TJ
structure. TNF-o plays an important role in corneal epithelial
diseases associated with ocular inflammation. Inhibition of
the adverse effects of TNF-o. on corneal epithelial barrier
function by rebamipide is, thus, a potential new approach to
the treatment of corneal epithelial disorders associated with
ocular inflammation.
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IL-23-Independent Induction of IL-17 from yo8T Cells and
Innate Lymphoid Cells Promotes Experimental Intraocular

Neovascularization

Eiichi Hasegawa,*””*’ Koh-Hei Sonoda,® Takashi Shichita,* Rimpei Morita,*"
Takashi Sekiya,*" Akihiro Kimura,*' Yuji Oshima,” Atsunobu Takeda,* Takeru Yoshimura,*
Shigeo Yoshida,* Tatsuro Ishibashi,” and Akihiko Yoshimura®*’

Choroidal neovascularization (CNV) is a characteristic of age-related macular degeneration. Genome-wide association studies
have provided evidence that the immune system is involved in the pathogenesis of age-related macular degeneration; however, the
role of inflammatory cytokines in CNV has net been established. In this study, we demonstrated that IL-17 had a strong potential
for promoting neovascularization in a vascular endothelial growth factor-independent manner in laser-induced experimental
CNV in mice. Infiltrated y8T cells and Thy-1" innate lymphoid cells, but not Th17 cells, were the main sources of IL-17 in injured
eyes. IL-23 was dispensable for IL-17 induction in the eye. Instead, we found that IL-1 and high-mobility group box 1 strongly
promoted IL-17 expression by 3T cells. Suppression of IL-1p and high-mobility group box 1, as well as depletion of y8T cells,
reduced IL-17 levels and ameliorated experimental CNV. Our findings suggest the existence of a novel inflammatory cytokine

network that promotes neovascularization in the eye.

ﬁ ge-related macular degeneration (AMD) is the leading

cause of irreversible visual impairment in persons aged
60 y and older in Western countries (1). The pathogenesis
of AMD is complex and not well established. Chronic local in-
flammation from persistent infection was recently identified as a
candidate etiology for AMD. Choroidal neovascularization (CNV),
the hallmark of wet AMD, was shown to be dependent on inflam-
matory cytokines, as well as inflammatory signals. Genetic studies
also demonstrated strong associations between AMD and several
gene variants in genes coding for inflammatory mediators and com-
plement proteins (1-3).
CNV consists of new blood vessel growth from the choroid
extending into the subretinal space. These immature vessels easily
permit subretinal bleeding or extravascular leakage of blood com-
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ponents, causing injury to the retina. Vascular endothelial growth
factor (VEGF) from retinal pigment epithelium (RPE) cells and
infiltrating macrophages has been considered the most important
factor for CNV development (4, 5). NKT cells, as well as inflam-
matory cytokines, such as IL-18, IL-6, and TGF-3, were shown to
promote CNV, whereas IL-27 suppresses it by modulating VEGF
levels (6-9).

IL-17 is a major proinflammatory cytokine linked to the path-
ogenesis of diverse autoimmune and inflammatory diseases, such
as rheumatoid arthritis (RA), psoriasis, inflammatory bowel dis-
ease, and uveitic diseases. Of note, IL-17 was shown to be pro-
angiogenic and to induce endothelial cell invasion (10). IL-17
has the potential to upregulate VEGF from RA synoviocytes
(11) and to promote the development of microvessel structures
in RA, as well as in tumor growth (12, 13). Recently, a subset of
effector Th cells, the IL-17-producing T cell (Th17), was im-
plicated in the pathogenesis of various autoimmune diseases,
including uveitis, arthritis, multiple sclerosis, psoriasis, and in-
flammatory bowel disease. In addition, y8T cells, as well as
innate lymphoid cells (ILCs), have been implicated as IL-17-
producing cells (14). A recent study suggested that C5a pro-
moted IL-22 and IL-17 expression from CD4"* T cells in AMD
patients (15). Intriguingly, this study found significantly increased
levels of IL-22 and IL-17 in the sera of AMD patients, suggesting
possible roles for IL-22 and IL-17 in the inflammation that con-
tributes to CNV and AMD. However, the role of IL-17 and mech-
anism of IL-17 expression in experimental CNV have not been
investigated.

In this study, using gene-disrupted mice and inoculation with
Abs, we demonstrated that IL-17 is essential for the development
of laser-induced CNV. We identified infiltrated y3T cells, but not
Th17 cells, along with Thy-1* ILCs as the main sources of IL-17 in
the laser-treated eye. Furthermore, we found that IL-18 and high-
mobility group box 1 (HMGB-1), rather than IL-23, play critical
roles in the infiltration of IL-17~producing cells. Moreover, IL-1j,
HMGB-1, and y3T cells were shown to be essential for inducing
IL-17, and suppression of these cytokines/cells was therapeutic for
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experimental CNV. Our study indicates that IL-17 plays a central
role in CNV and could serve as a therapeutic target for AMD.

Materials and Methods

Animals

C57BL/6 (wild-type [WT]) mice, 6-10 wk of age, were purchased from
CLEA (Tokyo, Japan) and were kept under specific pathogen—free con-
ditions at Keio University. IL-17 knockout (KO) (16) and IL-23p19 KO
(17) mice were described previously. RAG2 KO and TCR+y3 KO mice
were purchased from The Jackson Laboratory (Bar Harbor, ME). TLR2
and TLR4 KO mice were provided by Dr. S. Akira (Laboratory of Host
Defense, Osaka University, Osaka, Japan). All mice were on the C57BL/6
background. All animal experiments were conducted in accordance with
the Association for Research in Vision and Ophthalmology Statement for
the Use of Animals.

Induction and evaluation of CNV

CNV was induced by laser photocoagulation (PC) and evaluated as
described previously (18). Briefly, PC (wavelength = 532 nm, 0.1 s,
spot size = 75 pm, power = 200 mW) was performed at four spots
around the optic disc of one eye of each mouse. Abs and recombinant
proteins were inoculated into the vitreous cavities with a microsyringe
immediately after laser treatment. On day 7 after laser treatment, the
mice were perfused with 1 ml PBS containing 50 mg/ml fluorescent-
labeled dextran (25,000 m.w.; Sigma-Aldrich, St. Louis, MO), and the
eyes were removed. The entire retina was carefully dissected from the
eyecup and flat-mounted on an aqua-mount with the sclera facing
downward and the choroid facing upward. The images were captured
using conventional fluorescence microscopy (BZ-8000; Keyence) for
CNV area measurement or confocal laser microscopy (LSM510 META;
Carl Zeiss) for CNV volume measurement. The hyperfluorescent area
and volume corresponding to a photocoagulation spot for each treated
eye was evaluated using ImageJ software and subjected to semiquan-
titative analysis.

Vitreous cavity injection

rIL-17, anti-IL-17 Ab, anti-VEGFA Ab, and rIL-1ra (R&D Systems,
Minneapolis, MN) were inoculated into the vitreous cavity using fine,
32-Ga needles (cat. no. 0160832) and 10-ul syringes (cat. no. 80330;
both from Hamilton, Reno, NV). The tip of the needle penetrated the
sclera, choroid, and retina to reach the vitreous cavity, and a maximum
volume of 2 pl/injection was applied per eye. We ensured that the Ag
was injected into the vitreous cavity by carefully guiding the tip of the
needle under the microscope, through the flattened cornea, which was
covered by a glass microscope slide. Inoculating 2 pl solution increased
the intraocular pressure sufficiently to seal the retinal incision completely
without bleeding or detachment. We considered the total volume of the
murine eye to be 10 pl; therefore, 2 pl inoculated Ab solution was diluted
five times in vivo. The concentration of each inoculating Ab/recombinant
cytokine was determined according to the manufacturer’s instructions so
as to be sufficient for neutralization or supplementation in vivo.

Real-time RT-PCR

Total RNA was extracted from whole eyes, with the exception of the con-
junctiva. Samples from two eyes were pooled to obtain a sufficient amount
of mRNA for analysis. The RNA was extracted using Sepasol-RNA I Super
G (Nacalai Tesque, Kyoto, Japan), according to the manufacturer’s instruc-
tions. RNA was reverse transcribed to cDNA with random primers and
a high-capacity cDNA reverse transcription kit (both from Applied Bio-
systems, Carlsbad, CA), in accordance with the manufacturer’s instructions.
Gene expression was examined using a Bio-Rad (Hercules, CA) iCycler
Optical System and SsoFast EvaGreen Supermix. The results were normal-
ized to HPRT levels. The primers used were as follows: 5'-CAGCAGC-
GATCATCCCTCAAAG-3' and 5'-CAGGACCAGGATCTCTTGCTG-3’
for IL-17; 5'-CAGGCAGGCAGTATCACTCA-3" and 5'-AGGCCACAGG-
TATTTTGTCG-3' for IL-1B; 5'-ACCTCCACTGCCAGCTGTGTGCTG-TC-
3’ and 5'-TCATTTCTGCACTTCTGCATGTAGACTGTCCC-3’ for RORyt;
5'-TGAAGAGCTACTGTAATGATCAGTCAAC-3’ and 5'-AGCAAGCT-
TGCAACCTTAACCA-3' for HPRT; and 5'-CCATTGGTGATGTTGCA-
AAG-3' and 5'-CTTTTTCGCTGCATCAGGTT-3' for HMGB-1.

Immunohistochemistry

As reported previously (19), hamster anti-mouse TCRv3 (BD Biosciences,
Franklin Lakes, NJ) and rabbit polyclonal anti-HMGB-1 (Abcam, Cam-
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bridge, U.K.) were used as primary Abs and incubated at 4°C overnight.
Goat anti-rabbit IgG conjugated to Alexa Fluor 488 was used as a sec-
ondary Ab and incubated at room temperature for 1 h.

Isolation of ocular-infiltrating cells and flow cytometric
analysis

To examine phenotypes, ocular-infiltrating cells were prepared as de-
scribed previously (5). After PC, the eyes were enucleated, and the
posterior segments of two eyes were used for FACS analysis. For in-
tracellular cytokine staining, cells were stimulated for 4.5 h in complete
medium with phorbol 12-myristate 13-acetate (50 ng/ml) and ionomycin
(500 ng/ml; both from Sigma-Aldrich) in the presence of brefeldin A
(eBioscience, San Diego, CA). Surface staining was then performed
in the presence of Fc-blocking Abs (2.4G2), followed by intracellular
staining for cytokines with a fixation and permeabilization kit (eBio-
science), according to the manufacturer’s instructions. All Abs were ob-
tained from eBioscience. Data were acquired using a BD FACSAria or
BD FACSCanto II and were analyzed with FlowJo software (Tree Star,
Ashland, OR).

Transfer of ¥8T cells or CD4™ T cells into Rag2 KO mice

CD3" T lymphocytes were prepared from the spleens and lymph nodes
of WT mice by negative selection using magnetic beads (Miltenyi Biotec,
Bergisch Gladbach, Germany) (typically >95% purity) (20). A total of
3 X 10° CD3*CD4 TCRy8" cells from WT mice or 1 X 10° CD3*CD4*
TCRy3™ cells from WT mice, purified through flow cytometry, was injected
i.v. into Rag2 KO mice. Four days after cell transfer, the mice were sub-
jected to laser treatment; 1 wk later, the eyes were enucleated for evalu-
ation of CNV.

In vitro assay

A total of 1 X 10° CD3*CD4 TCRy3* T cells was cultured for 48 h with
1 ng/ml plate-bound anti-CD3 Ab (clone 145-2C11) in the presence of 0.1~
10 ng/ml rIL-1f (PeproTech, London, U.K.), 1 ng/ml IL-23 (PeproTech),
or 1 wg/ml HMGB-1 (Shino-Test, Tokyo, Japan). The amount of secreted
IL-17 protein in the supernatants was measured using ELISA (eBioscience),
according to the manufacturer’s instructions.

Statistical analyses

All data are expressed as mean = SE and were analyzed using the Dunnett
test and the independent-samples ¢ test. The p values < 0.05 were con-
sidered statistically significant.

Results

IL-17 promotes choroidal neovascularization after laser
treatment

Because a recent report (15) showed a significant increase in IL-
17 levels in the sera of AMD patients, we investigated the role of
IL-17 in laser-induced CNV in mice. After laser treatment to the
eye, expression of /117a mRNA significantly increased from day
3, peaked at day 4, and then gradually decreased (Fig. 1A). To
investigate the functional role of IL-17 in ocular neovascular-
ization, J1/7a-deficient (IL-17 KO) mice were examined. On day
7 after laser treatment, CNV was visualized by the perfusion of
fluorescent-labeled dextran, and the green neovascularized areas
were measured on choroidal flat mounts. Compared with control
mice, IL-17 KO mice exhibited significantly smaller areas of
CNV (Fig. 1B). In contrast, areas of CNV were significantly
larger in WT mice inoculated with rIL-17 than in untreated WT
mice (Fig. 1C). These data indicate that IL-17 promotes CNV
development.

We investigated the relationship between IL-17 and VEGFE
Unexpectedly, WT and IL-17 KO mice had similar VEGF mRNA
levels in their injured eyes (Fig. 1D). Next, we compared the effect
of depletion of VEGF and IL-17 on CNV development using Abs.
‘When anti-IL-17 Ab was inoculated into the vitreous cavity, CNV
volume was reduced (Fig. 1E, 1F). The suppressive effect of anti—IL-
17 Ab on CNV volume and area was similar to that of anti-VEGF
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