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® PURPOSE: To investigate the functional and morpho-
logic midterm outcome of phototherapeutic keratectomy
(PTK) for Thiel-Behnke corneal dystrophy diagnosed by
gene-mutation analysis.

® DESIGN: Retrospective, single-center clinical study.

® METHODS: Between July 2001 and May 2010, 10
consecutive PTKs were performed in 10 eyes of 5
patients (2 male, 3 female; mean age: 55 * 13 years)
with superficially accentuated opacities caused by Thiel-
Behnke corneal dystrophy and were followed up for at
least 12 months (range: 12—-108 months). Main outcome
measures included (1) best-corrected visual acuity
(BCVA), (2) uncorrected visual acuity (UCVA), (3)
spherical equivalent, and (4) recurrence rate. The prob-
ability of recurrence of Thiel-Behnke corneal dystrophy
after PTK was calculated using the Kaplan-Meier method
for survival analysis.

® RESULTS: The p.Arg555GIn mutation was found within
the TGFBI gene in all 5 patients. Average logarithm of
minimal angle of resolution (logMAR) BCVA change was
—0.55 = 0.26. Average logarithm UCVA change was
—0.54 £ 0.31. In 5 of the 10 eyes, recurrence of central
superficial opacification was clinically identified during the
follow-up periods, and in 4 of those 5 eyes, the level of the
recurrence was so significant that the visual acuity was
reduced more than 2 lines. The maximum follow-up period
of the 1 eye without significant post-PTK recurrence was
108 months.

® CONCLUSIONS: PTK is a successful therapy for Thiel-
Behnke corneal dystrophy, and results in midterm stable
visual acuity and corneal transparency. Unlike in Reis-
Biicklers corneal dystrophy cases, PTK delays the need
for more invasive surgical intervention in Thiel-Behnke
corneal dystrophy. (Am ] Ophthalmol 2013;155:
66-72. © 2013 by Elsevier Inc. All rights reserved.)

Accepted for publication Jun 25, 2012.

From the Department of Ophthalmology, Kyoto Prefectural University
of Medicine, Kyoto, Japan (O.H., Sa.K., T.I., Sh.K.); Baptist Eye Clinic,
Kyoto, Japan (K.\W.); and Department of Biomedical Engineering,
Faculty of Life and Medical Sciences, Doshisha University, Kyotanabe,
Japan (K.Y.).

Inquiries to Osamu Hieda, Department of Ophthalmology, Kyoto
Prefectural University of Medicine, 465 Kajii-cho, Hirokoji-agaru,
Kawaramachi-dori, Kamigyo-ku, Kyoto 602-0841, Japan; e-mail: ohieda@
koto.kpu-m.ac.jp

66 © 2013 BY ELSEVIER INC. ALL RIGHTS RESERVED.

as “honeycomb” corneal dystrophy,” is an autosomal
dominant inheritable disease and was described as

corneal dystrophy of the Bowman layer and superficial
stroma type 1 (CDB II, OMIM#602082) in a report by
Kiichle and associates.” Recent molecular biological anal-
ysis has revealed that this dystrophy is caused by the
missense mutation (p.Arg555GIn) of the human trans-
forming growth factor beta—induced (TGFBI) gene.>*~7

Characteristic bilateral, subepithelial corneal opacities,
frequently accompanied by recurrent corneal erosions, nor-
mally appear in Thiel-Behnke corneal dystrophy patients
between the ages of 10 and 20 years. This disease runs a slow
progressive course, with painful erosive episodes and gradual
deterioration of vision.” * The treatment modalities for this
disease include superficial keratectomy, lamellar kerato-
plasty,” penetrating keratoplasty (PKP),® and phototherapeu-
tic keratectomy (PTK).2-12

In Japan, the Ministry of Health, Labour and Welfare
approved the medical use of 193-nm argon-fluoride exci-
mer laser devices for PTK procedures in 2000. Since then,
PTK has been applied for the treatment of various types of
corneal diseases, including inheritable corneal dystro-
phies,”'*"17 band keratopathy,'%!%7%® recurrent corneal
erosion,' ™12 certain types of degenerative corneal dis-
eases (eg, Salzmann’s degeneration),'®*®*’ and bullous
keratopathy.”*?> The PTK procedure is generally thought
to produce the best results when it is used for the ablation
of corneal opacity restricted to the anterior stroma of the
cornea. When PTK is performed on patients who have
passed strict diagnostic criteria, the satisfaction level in
relation to the results of this procedure is reportedly very
high.?¢

The purpose of this retrospective, single-center clinical
study was to investigate the functional and morphologic
midterm outcome of PTK performed in multiple Thiel-
Behnke corneal dystrophy patients who were strictly diag-
nosed through the use of gene mutation analysis.

T HIEL-BEHNKE CORNEAL DYSTROPHY,' ALSO KNOWN

METHODS

® STUDY POPULATION: This study involved 10 consecu-
tive PTKs performed in 10 eyes (5 right eyes and 5 left
eyes) of 5 patients (2 male and 3 female) to treat
superficially accentuated opacities that were clinically and
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FIGURE 1. Slit-lamp microscopy images of the left eye of a 57-year-old woman with Thiel-Behnke corneal dystrophy (Patient 1)
(Left) before and (Right) | month after undergoing phototherapeutic keratectomy surgery. Note that the superficial corneal
opacities visible around the axial area of the cornea in the left-hand image (presurgery) are no longer visible in the right-hand image

(postsurgery).

TABLE. Summarized Clinical Information of Eyes With Thiel-Behnke Corneal Dystrophy Before and After Phototherapeutic

Keratectomy
BCVA (logMAR) (Month)
Patient® Age {y) Sex Eye Preoperative Postoperative” Calculated Ablation (um) Tt T2
1 57 F R 0.52 -0.18 113 1 108
1 65 F L 0.70 0.10 100 12 12
2 32 M R 0.22 -0.08 100 3 108
2 32 M L 0.15 —0.08 110 3 108
3 57 F R 0.52 0.05 114 24 96
3 57 F L 1.22 0.15 120 3 96
4 66 M R 0.70 -0.08 120 12 18
4 66 M L 0.70 0.22 121 12 18
5 61 F R 0.52 0.15 140 6 18
5 61 F L 0.52 0.10 125 3 18

BCVA = best-corrected visual acuity; F = female; L = left; logMAR = logarithm of minimal angle of resblution; M = male; R = right; T1 =
mean time before achievihg the best overall BCVA after surgery; T2 = follow-up period.

2Patients 2, 3, and 5 wefre blood relatives.

PPpostoperative BCVA denotes the best overall BCVA after surgery.

genetically diagnosed as Thiel-Behnke corneal dystrophy
between July 13, 2001 and May 14, 2010. Only the
patients who were followed up for at least 12 months after
the PTK surgery were enrolled in this study. The mean age
of the patients was 55 = 13 years (range: 32—-66 years).
None of the enrolled patients had any previous history of
comeal surgery. The PTK surgery was performed for the
patient’s visual rehabilitation at the time when the patient
complained of decreased vision or when the patient’s best-
corrected visual acuity (BCVA) had become worse than
logMAR 0.15. Each of the 5 patients had experienced painful
erosive episodes prior to undergoing the surgery. Three of the
5 patients were members of the same pedigree.

® MOLECULAR ANALYSIS: Peripheral blood samples were
collected from all 5 patients after they had received a
complete, detailed explanation of the study protocols.
DNA was extracted from the peripheral blood lymphocytes

VoL. 155, NO. 1

using a commercially available kit (DNeasy Blood &
Tissue Kit; QIAGEN GmbH, Hilden, Germany). Exons 4,
11,12, and 13 of the TGFBI gene, as well as their flanking
introns, were amplified by polymerase chain reaction
(PCR) and directly sequenced on both strands using
previously published primers.*’

® INTERVENTIONAL PROCEDURE: PTK was performed
by the use of 1 of 3 commercially available 193-nm
excimer laser devices, each produced by a different com-
pany. Five eyes were treated using the EC-5000 excimer
laser (NIDEK Co Ltd, Gamagori, Japan), 3 eyes were
treated using the VISX S4IR excimer laser (Abbott Med-
ical Optics Inc, Abbot Park, Illinois, USA), and the
remaining 2 eyes were treated using the Technolas T-217z
Zyoptix laser system (Bausch & Lomb, Rochester, New
York, USA). In all 10 eyes, the epithelium was removed
directly by the excimer laser, and the ablation continued
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FIGURE 2. A scattergram demonstrating the relationship between the spherical equivalent changes (between preoperative and
postoperative) and the calculated ablation depth of phototherapeutic keratectomy surgery in eyes with Thiel-Behnke corneal
dystrophy. Although the spherical equivalent change seems to have a tendency to increase with the increase of ablation depth, no
statistically significant (R* = 0.06) association was found between the spherical equivalent changes and the calculated ablation

depth.

into the corneal stroma until approximately 50 wm of the
stromal ablation was performed. During the surgery, the
cornea of each eye was examined by use of the microscope
equipped in the excimer laser devices under sclerotic
scattering illumination using a vitrectomy-endoillumina-
tor placed on the limbus.”® When deemed necessary,
additional ablations were performed to remove the bulk of
the pathologic opacity from the visual axis. For all 10 eyes,
the ablation was performed until the majority of opacities
were removed, thus resulting in a mean calculated total
ablation depth (including epithelium and stroma) of 116 *
12 wm (range: 100-140 pm). Masking fluid was not used.
Postoperatively, all 5 patients were initially administrated
0.1% fluorometholone (FLUMETHOLON; Santen Phar-
maceutical Co, Ltd, Osaka, Japan) and 1.5% levofloxacin
hydrate (CRAVIT; Santen Pharmaceutical Co, Ltd) 4
times daily, with a tapering-off of the dosage over 12
weeks. Each patient was instructed to continually wear a
soft contact lens on the operated cornea until the epithe-

lial defect had closed.

e MAIN OUTCOME MEASURES: In this present study, main
outcome measures including BCVA, uncorrected visual acu-
ity (UCVA), spherical equivalent (SE), and recurrence of
Thiel-Behnke corneal dystrophy were assessed.

® CLINICAL DEFINITION FOR RECURRENCE OF THIEL-
BEHNKE CORNEAL DYSTORPHY POST-PHOTOTHERAPEU-
TIC KERATECTOMY: The recurrence of Thiel-Behnke
corneal dystrophy was considered significant when slit-
lamp examination showed signs of increased central opaci-
fication of the superficial cornea that were also associated
with significant visual loss {a 2-line or more loss of BCVA)
according to the previous study.'” The probability of
recurrence of Thiel-Behnke corneal dystrophy after PTK
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surgery was calculated using the Kaplan-Meier method for
survival analysis.!?!%1517

® STATISTICAL ANALYSIS: For analysis of the results,
Excel Tokei 2002 statistics software (SSRI Co Ltd, Tokyo,
Japan) was used. Differences between paired samples were
analyzed with the paired ¢ test. A probability value of <.05
was considered statistically significant.

RESULTS

THE P.ARG555GLN MUTATION WAS FOUND WITHIN THE
TGFBI gene in all 5 patients. In all 5 patients, the
superficial corneal opacities were successfully removed
from the corneal visual axis (Figure 1). In all 10 eyes,
epithelial defects closed within 3 to 5 days and visual
acuity gradually improved in 3 to 24 months after the
surgery (Table.). The mean follow-up period was 60 = 46
months (range: 12-108 months). Postoperatively, all 5
patients requested to have PTK surgery performed to their
contralateral eyes, thus indicating that they were satisfied
with the results of the initial PTK surgery.

A 2-line or more increase in BCVA was found in all of
the 10 enrolled eyes after the PTK surgery. The mean
logMAR BCVA improved from 0.57 = 0.29 preopera-
tively to the overall best of 0.04 = 0.13 postoperatively,
which was statistically significant (P < .001). The mean
UCVA also significantly improved, from logMAR 0.84 =
0.34 preoperatively to the overall best of logMAR 0.30 =
0.26 postoperatively (P < .01). The average logMAR
UCVA change was —0.54 = 0.31.

The mean SE significantly increased from —1.63 * 2.74
diopters (D) preoperatively to 0.43 = 2.13 D postopera-
tively, which was statistically significant (P < .01). The
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FIGURE 3. Slit-lamp microscopy images of the right eye of 32-year-old man with Thiel-Behnke corneal dystrophy (Patient 2) (Top
left) before phototherapeutic keratectomy, (Top right), 3 years after phototherapeutic keratectomy, (Bottom left) 5 years after
phototherapeutic keratectomy, and (Bottom right) 8.5 years after phototherapeutic keratectomy. The degree of the opacification at
the final follow-up visit (Bottom right) is almost the same as that at 3 years after the phototherapeutic keratectomy surgery (Top

right).
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FIGURE 4. Line chart demonstrating the cumulative survival
rate for the recurrence of Thiel-Behnke corneal dystrophy after
phototherapeutic keratectomy analyzed by Kaplan-Meier sur-
vival analysis. The recurrence of Thiel-Behnke corneal dystro-
phy was defined by significant visual decrease with a 2-line or
more loss of best-corrected visual acuity (BCVA) caused by the
increased corneal opacification resulting from Thiel-Behnke
corneal dystrophy.

average refractive change was +2.05 = 1.68 D (range:
—0.25 to +5.75 D). There was no apparent difference in
the SE changes in relation to the type of excimer laser
device used or to the calculated ablation depths (Figure 2).

Postoperative complications such as infection, delay in
epithelial healing, or stromal haze were not noticed in any of

VoL. 155, NO. 1

the 10 eyes, and none of the patients experienced any
postoperative painful erosive episode. During the follow-up
period, 5 of the 10 eyes experienced recurrence of the central
superficial opacification. One of those 5 eyes (the right eye of
Patient 2) had only a 1-line decrease of visual acuity at 108
months postoperatively (Figure 3). However, in 4 of those 5
eyes, the degree of recurrence was significant enough to lead
to a decrease in visual acuity of more than 2 lines, yet none
of those patients requested a PTK reoperation at their final
follow-up visit. The earliest significant recurrence (the right
eye of Patient 3) was observed after 42 months (Figures 4 and
5). The remaining 5 of the 10 eyes exhibited no apparent
signs of recurrence, possibly because the follow-up period for
those eyes was not very long.

DISCUSSION

IN THE PRESENT STUDY, PTK SURGERY FOR THIEL-BEHNKE
corneal dystrophy was found to result in the significant
midterm improvement of visual acuity for all patients.
During the follow-up period, a gradual recurrence of
central superficial opacification was observed, yet the level
of the opacification was not severe enough to lead to a
significant decrease in visual acuity for at least 42 months
after surgery.
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FIGURE 5. Polygonal line graphs denoting the time course of logMAR best-corrected visual acuity (BCVA) in 5 eyes of 3 Thiel-Behnke
corneal dystrophy patients followed up for over 96 months after phototherapeutic keratectomy surgery. (Top) Right eye of a 57-year-old
woman (Patient 1). (Middle left) Right eye of a 32-year-old man (Patient 2). (Middle right) Left eye of a 32-year-old man (Patient 2).
(Bottom left) Right eye of a 57-year-old woman (Patient 3). (Bottom right) Left eye of a 57-year-old woman (Patient 3). Solid circles
indicate the time points of the patients’ follow-up visits. Arrows indicate the time points when significant recurrences were observed.
Broken lines indicate the preoperative logMAR best-corrected visual acuity (BCVA). The recurrence of Thiel-Behnke corneal dystrophy
was defined by significant visual decrease with a 2-line or more loss of BCVA caused by increased corneal opacification resulting from
Thiel-Behnke corneal dystrophy. logMAR = logarithm of minimal angle of resolution.

To date, 3 previous studies have reported a successful
clinical outcome in Thiel-Behnke corneal dystrophy pa-
tients after undergoing PTK surgery. The first study en-
rolled 6 eyes of 5 patients who were diagnosed with
Thiel-Behnke corneal dystrophy just from the clinical
appearance of their corneas and not by genetic analysis.”
The second study enrolled 8 eyes of 4 patients who were
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clinically diagnosed with Thiel-Behnke corneal dystrophy
but who had a genomic linkage to chromosome 10, which
is therefore thought to be a distinct pathologic entity
of the typical Thiel-Behnke comeal dystrophy bearing
the p.Arg555GIn mutation within the TGFBI gene.!! The
third study enrolled 1 eye of 1 patient who had the
p-Arg555GIn mutation within the TGFBI gene and who
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underwent the PTK procedure on a grafted cornea that had
undergone PKP.'

Reis-Biicklers corneal dystrophy®” is a bilateral and
autosomal dominant inheritable disease. This disease is
clinically characterized by corneal opacities in a “geo-
graphic” pattern at the level of the Bowman layer, fre-
quently associated with the episode of recurrent painful
corneal erosion,” and has been referred to as corneal
dystrophy of the Bowman layer and the superficial stroma
type 1 (CDBI, OMIM#60847)." Because of the similarity
of opacity pattern and opacity depth observed in Thiel-
Behnke corneal dystrophy and Reis-Biicklers corneal dys-
trophy, considerable clinical confusion may still exist in
distinguishing between these 2 diseases. Although the opacity
pattern of Thiel-Behnke corneal dystrophy is reported to be
apparently different from that of Reis-Biicklers corneal dys-
trophy, the opacity patterns of the 2 corneal dystrophies can
appear to ordinary ophthalmologists to be quite similar, thus
possibly resulting in considerable clinical confusion in dis-
criminating between these 2 dystrophies. In the 1980s,
Thiel-Behnke corneal dystrophy was considered to be a
special type of Reis-Biicklers corneal dystrophy. These 2
corneal dystrophies of the Bowman layer were reported to be
distinguishable through electron microscopy examination of
the patient’s corneal tissue. However, since a patient’s corneal
tissue is normally unavailable, it is often difficult to distin-
guish between these 2 dystrophies.” The only clinically
identifiable difference between Thiel-Behnke corneal dystro-
phy and Reis-Biicklers corneal dystrophy is that Reis-Biicklers
corneal dystrophy is clinically characterized by disease onset
occurring in the patient at a younger age, the severe degree of
corneal opacity, and a worse deterioration of vision compared
to Thiel-Behnke corneal dystrophy.”* Recent molecular
biological analysis has revealed that Reis-Biicklers corneal
dystrophy is caused by a mutation (p.Argl24Leu)’ of the
TGFBI gene that is distinct from that in Thiel-Behnke
corneal dystrophy.

It should be noted that the early reports'”*® of PTK for
Reis-Biicklers corneal dystrophy possibly included Thiel-
Behnke corneal dystrophy cases. In general, there is almost
always a recurrence of Reis-Blicklers corneal dystrophy
after PTK,"” and even after PKP,® and the recurrence
occurs earlier and with a more severe degree of disease
compared with other TGFBI-related corneal dystrophies.

However, despite the prominent similarities in several
clinical ateributes found in Thiel-Behnke corneal dystro-
phy and Reis-Biicklers corneal dystrophy, Thiel-Behnke
corneal dystrophy patients demonstrated a relatively slow
postoperative rate of recurrence after undergoing PTK
surgery, as is shown in the findings of this present study.
This finding may be the result of the difference in the
molecular character of the TGFBI proteins that reflect
each distinct mutation site. Thus, the simple PTK proce-
dure appears to be an insufficient treatment for Reis-
Biicklers corneal dystrophy. In a previous clinical trial, the
usefulness of a topical administration of mitomycin C was
assessed in Reis-Biicklers corneal dystrophy patients, and it
was found to have a beneficial effect on preventing
recurrence after PTK surgery.”’ Thus, it is very important
to perform gene mutation analysis against the TGBFI gene
to definitively discriminate Thiel-Behnke corneal dystro-
phy from Reis-Biicklers corneal dystrophy in order to make
a more precise prediction of postoperative prognosis, as
well as to consider the possible additional treatments, such
as the administration of mitomycin C, that will be needed
when patients are diagnosed as having Reis-Biicklers cor-
neal dystrophy.

In conclusion, the findings of the present study show
that PTK is a successful therapy for Thiel-Behnke corneal
dystrophy. It should be noted that this study was retrospec-
tive and that the sample size was not very large. In
addition, TGFBI corneal dystrophies sometimes demon-
strate varying degrees of severity even with the same gene
mutation. Thus, it is difficult to make a generalized
statement as to the efficacy of PTK surgery for Thiel-
Behnke corneal dystrophies from the limited results pre-
sented in this study. However, and to the best of our
knowledge, this is the first report to demonstrate the
midterm clinical outcome of PTK surgery for Thiel-
Behnke corneal dystrophy patients who were diagnosed
strictly by gene mutation analysis to have the
p-Arg555GIn mutation and who had not undergone any
surgery to their corneas prior to the PTK surgery. We hope
that a randomized controlled trial will be conducted in the
future in order to better understand the more precise
clinical course of Thiel-Behnke corneal dystrophy after
PTK surgery.
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Epithelial-Mesenchymal Transition-Like Phenotypic
Changes of Retinal Pigment Epithelium Induced by TGF-§
Are Prevented by PPAR-y Agonists

Hiroki Hatanaka,' Noriko Koizumi,?> Naoki Okumura,*> EunDuck P Kay,*® Eri Mizubara,?

Junji Hamuro,' and Shigeru Kinoshita®

Purrose. Proliferative eye diseases, such as proliferative
vitreoretinopathy and proliferative diabetic retinopathy, are
caused partly by fibrotic change of retinal pigment epithelial
cells (RPECs). The purpose of our study was to examine the
effect of the peroxisome proliferator-activated receptor-y
(PPAR-Y) agonist on the fibrotic change of primate RPECs.

Meraops. Monkey RPECs (MRPECs) isolated from a cynomol-
gus monkey eye were subcultured. To induce fibrotic change,
MRPECs were cultured with TGF-f2 (3 ng/mL), and also
cultured in the coexistence of TGF-f2 and the PPAR-y agonist
pioglitazone (30 uM). The phenotype of the cultured MRPECs
was evaluated by phase contrast microscopy and immunocy-
tochemical analysis. The phosphorylation of Smad2/Smad3
proteins was examined by Western blot analysis.

Resucrs. Primary MRPECs were cultured as a monolayer with a
hexagonal cell shape, and positive expression of ZO-1, Nat/K™-
ATPase, and RPE6S5 was confirmed. Cell morphology and the
expression of these markers were maintained in the presence
of pioglitazone, whereas the cells were elongated and the
expression of these markers was reduced in its absence.
Conversely, the expression of phalloidin, o-smooth muscle
actin, and fibronectin was reduced in the presence of
pioglitazone, whereas it was increased in the absence. Western
blot assay demonstrated that phosphorylation of Smad2/Smad3
proteins was suppressed by pioglitazone.

Concrusions. The PPAR-y agonist pioglitazone inhibited the
fibrotic change of primary MRPECs through the suppression of
TGF-§ signaling. Pioglitazone might prove to be a clinically
applicable and effective pharmaceutic treatment for prolifera-
tive eye diseases. (Invest Opbthalmol Vis Sci. 2012;53:6955-
6963) DOL:10.1167/i0vs.12-10488

Intraocular proliferative diseases, such as proliferative vitre-
oretinopathy (PVR) and proliferative diabetic retinopathy
(PDR), are the major cause of vision loss and have poor visual
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prognosis in spite of the development of innovative surgical
techniques and anti-VEGF agents.!? Despite the vigorous
accumulation of knowledge about the pathology of PVR over
the past decade, little progress has been made toward the
clinical management of the disease.? To date, to our
knowledge no practical pharmacologic treatment has been
developed to repair the damaged fibrotic tissues involved in
these diseases.

Intraocular fibrosis is a clinically-recognized, underlying
pathologic feature in PVR and PDR that leads to functional
impairment of the retina. The fibrotic change involves sub-
and preretinal fibrosis, scarring, and proliferative membrane.
These fibrotic features result in the recurrence of the disease
and aggravate the prognosis of visual acuity.># Such tissue
fibrosis also is found in a variety of tissues, such as those of
the kidney, liver, lung, and so forth. The fibrous tissue
reduces the flexibility of the detached retina and becomes a
major cause for failure of retinal reattachment surgery. Once
fibrosis occurs, a surgical operation thus far has been the
only possible therapeutic modality. In the pathogenesis of
PVR and PDR, changes such as proliferation and production
of the fibrillar extracellular matrix (ECM) on the retina,
occur frequently in retinal pigment epithelial cells (RPECs)
located in the vitreous cavity and subretinal space.>3 Thus,
agents capable of preventing the fibrotic change of RPECs
may be of great therapeutic value in retinal reattachment
surgery. Numerous drugs have been tested on animal models
or cell cultures to inhibit cell proliferation and proliferative
membrane formation. However, many of these drugs cause
severe side effects and only a few have been used in clinical
trials.?¢

The epithelial mesenchymal transition (EMT) or trans-
differentiation of epithelial cells has been theorized to have
a critical role in the development of such pathologic
fibrosis.”" 10 In fact, TGF-B signaling has been shown to
have a crucial role in these fibrotic changes.'"1? Recently,
numerous reports have demonstrated that treatment with a
peroxisome proliferator-activated receptor-y (PPAR-Y) agonist
attenuates experimentally-induced kidney,'3'4 liver,13
lung,'® skin,'” and cardiac fibrosis.'® In a variety of renal
diseases, overexpression of TGF-f isoforms is observed in
animals and humans.®-22 These reports also showed that
the PPAR-y agonist inhibited the fibrotic change by down-
regulating the TGF-f pathway.

Likewise, the overexpression of TGF- has been observed
in the vitreous body in PDR and PVR,?324 and also has been
investigated in relation to the proliferative membranes in
these diseases.?> The purpose of our study was to investigate
if a human RPE cell line and primate RPECs exhibited
fibrotic changes by TGF-2, and if PPAR-y agonists could
prevent this fibrotic process. Our findings demonstrated that
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the PPAR-y agonist restored the fibrotic pathologic changes
mediated by TGF-f32.

METHODS

Materials

For our study, recombinant human TGF-2 was purchased from R&D
Systems, Inc. (Minneapolis, MN). Pioglitazone was purchased from
Enzo Life Sciences, Inc. (Farmingdale, NY). Dulbecco’s modified Eagle
medium:Nutrient Mixture (DMEM/F12), penicillin, streptomycin, Alexa
Fluor 546 phalloidin, Alexa Fluor 488 donkey anti-mouse I1gG, and
Alexa Fluor 594 donkey anti-rabbit IgG were purchased from Life
Technologics Corporation (Carlsbad, CA). Dispase 11 was purchased
from Roche Applied Science (Penzberg, Germany), and FNC Coating
Mix was purchased from Athena Environmental Sciences, Inc.
(Baltimore, MD). ZO-1 polyclonal antibody was purchased from Zymed
Laboratories, Inc. (South San Francisco, CA), Nat-K*ATPase monoclo-
nal antibody was purchased from Upstate Biotechnology, Inc. (Lake
Placid, NY), and DAPI was purchased from Vector Laboratories, Inc.
(Burlingame, CA). N-cadherin and fibronectin antibody were purchased
from BD Biosciences Pharmingen (Franklin Lakes, NJ). Smad-2, Smad3,
and phosphorylated Smad2 (phospho-Smad2) and phosphor-Smad3
antibody were purchased from Cell Signaling Technology, Inc.
(Danvers, MA). Alpha smooth muscle (aSMA) antibody was purchased
from Thermo Fisher Scientific, Inc. (Waltham, MA). RPEGS antibody
and GAPDH were purchased from Abcam, Inc. (Cambridge, MA).
Phosphatase inhibitor was purchased from Sigma-Aldrich Corporation
(St. Louis, MO).

Animal Experiment Approval

In all experiments, animals were housed and treated in accordance
with the ARVO Statement for the Use of Animals in Ophthalmic and
Vision Research.

Cell Culture and Treatment of ARPE-19

ARPE-19, a human RPE cell line, was purchased from the American
Type Culture Collection (ATCC; Manassas, VA). The cells were
cultured in DMEM/F12 supplemented with 10% fetal bovine serum
(FBS), 50 U/mL penicillin, and 50 pg/ml streptomycin in a
humidified atmosphere at 37°C in 5% CO, for more expansion.?’
As described previously, the cells were treated in the fresh medium
with recombinant human TGF-f2 (5 ng/mL, fibrotic group) or
serum-free medium (control group) after 24 hours of serum
starvation when the cells reached confluency.?” Next, we investi-
gated if a difference could be found between the control and
fibrotic groups in the morphology of ARPE-19. The ratio of
elongated cells cultured under various conditions then was
calculated. The elongated cells were defined as ones in which the
length of the cell is two times longer than the width of that cell.
ARPE-19 cells were seeded at a density of 1.0 X 105 cells onto 12-
well plates in the medium containing 10% FBS. PPAR-y agonist was
added at the concentration of 10 and 30 uM with TGF-B2 (PPAR-y
group) simultaneously.

Cell Culture and Treatment of Monkey RPECs
(MRPECs)

MRPECs were cultured from the posterior area of an eyeball
enucleated from a cynomolgus monkey (3-5 years old, estimated
equivalent human age 5-20 years) housed at Nissei Bilis Co., Ltd.
(Otsu, Japan). The MRPECs then were separated from the RPEC
fragments in accordance with the method described previously for
human fetal RPE.28 The MRPECs then were cultured on FNC Coating
Mix-coated dishes in DMEM/F12 supplemented with 10% FBS, 50
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U/mL of penicillin, and 50 pg/mlL of streptomycin for more expansion
in a humidified atmosphere at 37°C in 5% CO,. The culture medium
then was changed every 2 days. When the cells reached confluency
in 5 to 7 days, they were rinsed in Ca®* and Mg**free Dulbecco’s
phosphate-buffered saline (PBS), trypsinized with 0.05% Trypsin-EDTA
(Life Technologics) for 5 minutes at 37°C, and passaged at ratios of
1:2 to 4. Cultivated MRPECs at passages 1 to 3 were used for all
experiments. MRPECs then were treated with recombinant human
TGE-P2 (3 ng/ml) (fibrotic group) or 2% FBS-containing medium
(control) after 24 hours of serum starvation when the cells reached
confluency. As a PPAR-y group, MRPECs were cultured with medium
containing TGF-f2 and PPAR-y agonist (30 uM). The morphologic
differences among the groups then were observed. The MRPECs then
were seeded at a density of 1.0 X 10° cells onto 24-well plates in the
medium containing 10% FBS to investigate if a difference in cell
morphology could be found among the groups.

Immunocytochemistry

To analyze the expression and localization of function-related
proteins in the cells, ARPE-19 cells and MRPECs were cultured at
a density of 3 X 10% cells/em? on Lab-Tek Chamber Slides (NUNC
A/S, Roskilde, Denmark) in various conditions for 48 hours before
staining. The cells then were stained with individual antibodies;
namely, anti-ZO-1, anti-Nat/K*ATPase, anti-RPE6S, anti-N cadherin,
anti-E cadherin, anti-phalloidin, anti-fibronectin, and anti-2 smooth
muscle antibodies. For a second antibody, 1:2000 diluted Alexa Fluor
488 donkey anti-mouse 1gG and 1:2000 diluted Alexa Fluor 594
donkey anti-rabbit IgG were used. Cell nuclei then were stained
with DAPI, and the slides were inspected by use of a fluorescence
microscope.

Reverse Transcriptase-Polymerase Chain Reaction
(RT-PCR)

For RT-PCR, total RNA was extracted by use of TRIzol reagent (Life
Technologies) and treated with RNase-free DNase I (Roche). cDNA
was synthesized with SuperScript III Reverse Transcriptase (Life
Technologies) and PCR reactions then were performed with EX Taq
DNA polymerase (Takara Bio, Shiga, Japen) as follows: denaturation
at 94°C for 30 seconds, 23 to 35 cycles of annealing at 55°C to 57°C
for 30 seconds, and elongation at 72°C for 30 seconds. The PCR
products then were separated by electrophoresis on 2% agarose gels
and detected under ultraviolet illumination.

Real-Time Quantitative PCR (qPCR)

For the realtime gPCR, reverse transcription was conducted using
the TagMan Fast Advanced Master Mix (Applied Biosystems, Inc.,
Foster City, CA) according to the manufacturer’s protocol. Real-time
gPCR reactions then were conducted by use of the StepOnePlus
(Applied Biosystems) real-time PCR system according to the
manufacturer’s protocol.

Western Blot Analysis

For the detection of Smad2, Smad3, phospho-Smad2, and phospho-
Smad3, MRPECs were serum-starved for 24 hours and then
incubated with TGF-B2, or TGF-f2 and PPAR-y agonist-containing
medium for 10 minutes and extracted with Tris-buffered saline
containing phosphatase inhibitors. The proteins then were separat-
ed by use of SDS-PAGE and transferred to a polyvinylidene fluoride
membrane. The blots were blocked overnight with nonfat dried
milk and incubated with rabbit anti-human phospho-Smad2 mono-
clonal antibody, rabbit anti-human phospho-Smad3 monoclonal
antibody, rabbit anti-human Smad2, or rabbit anti-human Smad3.
Luminescence was observed by use of an ImageQuant LAS-4000
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Ficure 1. Fibrotic change induced by TGF-B2 and the inhibitory effect of pioglitazone on the morphologic change in ARPE-19 cells. Phase-contrast

light microscope images of ARPE-19 cells with TGF-B2 (5 ng/mL) and pioglitazone (3, 10, 30 pM; [AD), the ratio of elongated cells in each condition
(i.e., the control, TGF and PPAR-y conditions; [B]; 7 =4; P < 0.005), and immunocytochemical staining of ZO-1 (C) are shown. Scale bar: 100 um.
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A
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Ficure 2. Images of primary MRPECs (P= 1) immunocytochemically stained (A) with ZO-1 (top left), N-cadherin (top right, green), Na*/K*-ATPase
(bottom left), RPEGS (bottom right, greemn), and a phase-contrast light microscopy image (B). Scale bar: 100 pm.

mini (FUJIFILM, Tokyo, Japan) dedicated charge-coupled device
(CCD) camera system.??

RESULTS

Preventive Effect of PPAR-y Agonist against the
TGF-p2-Induced Morphologic Change in ARPE-19

The cellular morphology of ARPE-19 cells is the characteristic
cuboidal shape under normal culture conditions. On the other
hand, the presence of TGF-f2 (5 ng/mL) induced an EMTlike
morphologic change of ARPE-19 cells, symbolized by the
elongated and fibroblastic phenotypes (Fig. 1A). TGF-2 at 5
ng/ml, a concentration that is nontoxic and is known to be the
most effective, was used in the following experiments. When
cells were treated simultaneously with TGF-f2 and PPAR-y
agonist (pioglitazone), pioglitazone at 3 pM demonstrated a
mixture of cuboidal and elongated cell shapes, while
pioglitazone at 10 and 30 uM reversed the fibroblastic cell
shape mediated by TGF-B2 to the cuboidal cell shape. Those
results indicated that the PPAR-y agonist has a concentration-
dependent preventive effect against the fibrotic or EMT-like
phenotypic change of ARPE-19 cells induced by TGF-B2 (Fig.
1B). The preventive effect of pioglitazone toward the TGF-B2-
mediated phenotypic changes of ARPE-19 was confirmed
further by use of ZO-1, one of the major epithelial functional
tight junction molecules. The immunostaining of ARPE-19 cells
with ZO-1 antibody showed the characteristic staining pattern
of ZO-1 at the plasma membrane, while cells treated with TGF-
B2 greatly reduced the ZO-1 staining potential. On the other
hand, cells treated with TGF-f2 and pioglitazone demonstrated
the cuboidal cell shape with the distinct ZO-1 staining pattern

(Fig. 10).

Influence of PPAR-y Agonist and TGF-$2 on the
Expression of Functional Molecules in MRPECs

The established MRPEC cultures were maintained in DMEM/F12
medium containing 2% FBS, a concentration that minimizes the
TGFE- activity of FBS, and the MRPECs demonstrated the
characteristic hexagonal or polygonal morphology (Fig. 2A). That
culture condition also maintained the expression of functional
proteins, such as ZO-1, Na™/K*™ATPase, N-cadherin, and RPE6S
(an essential protein for the visual cycle), and the proteins were
expressed according to their subcellular localization (Fig. 2B).

When MRPECs were treated with TGF-B2, they lost their
characteristic polygonal cell morphology. However, simultaneous
treatment of the cells with TGF-$2 and pioglitazone reversed the
cell shape change induced by TGF-B2 (Fig. 3A). Those results
indicated the induction of the EMTlike or fibrotic change of
MRPECs by TGF-$32 (Fig. 3A). TGF-B2 (3 ng/mL) was chosen as the
optimal concentration for the induction of the fibrotic change of
the MRPECs. The morphologic changes of the MRPECs induced
by TGF-B2 (the EMT-like or fibrotic change) were reduced in the
presence of pioglitazone below those in the TGF-B2 group.

The changes of distribution of ZO-1 (Fig. 3B), Nat/K*-ATPase
(Fig. 30), and N-cadherin (Fig. 3D) in the MRPECs were observed
in the TGF-B2-treated group when compared to those of control
cells. However, the TGF-B2 changes were inhibited by the PPAR-y
agonist pioglitazone (Figs. 3B, 3C, 3D). The expression of RPE65
and N-cadherin was examined further by use of real-time qPCR,
which showed that the RPEG5 expression was reduced markedly
by TGF-B2, while the N-cadherin mRINA was increased by TGF-f2.
Of interest, pioglitazone blocked such TGF-f2-mediated changes
(Fig. 3E). The same tendency was observed in N-cadherin mRNA
expressions using real-time PCR (Fig. 3F).
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Ficure 3.  The effect of pioglitazone on fibrotic change induced by TGF-B2 in primary MRPECs. Phase-contrast light microscopy images of primary
MRPECs (A), and the change of distribution in the expression of N-cadherin (B), Na*/K~ATPase (C), and ZO-1 (D) in the medium with TGF-f2 (3
ng/mL) and/or pioglitazone (30 pM). (E) An image showing the mRNA expression of RPE6S and N-cadherin. (F) An image showing the ratio of the
expression of N-cadherin mRNA as compared to the control. Scale bar: 100 pum.
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pioglitazone
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FiGURE 4. The effect of pioglitazone and TGF-B2 on the cytoskeleton of MRPECs. Images showing the immunostaining of phalloidin (A), «SMA (B),

and fibronectin (C). Scale bar: 100 pm.

Next, the expression of fibrotic or EMTrelated markers, such
as stress fibers (Fig. 4A), a-smooth muscle actin («-SMA, Fig. 4B),
and fibronectin (Fig. 4C) was determined. The control cells
demonstrated a low level of these EMT-related markers. However,
the expression of these proteins was increased by exposure to
TGF-B2 and that increase was reversed almost to normal control
levels by the addition of PPAR-y agonist pioglitazone.

Effect of PPAR-y Agonist and TGF-$2 on the Smad
Pathway in MRPECs

Finally, we investigated if the Smad pathway was related to the
aforementioned findings. The expression of phospho-Smad2
and phospho-Smad3 proteins was detected only faintly in the
control cells (Figs. 5A, 5B); however, phosphorylation of
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minutes. (B) The representative result is shown. Protein accumulation was assessed by densitometry (z = 3).

Smad2 and Smad3 was increased greatly in response to TGF-2
stimulation (Figs. 5A, 5B). The PPAR-y agonist tended to inhibit
the phosphorylation of Smad2 and Smad3, yet at a low level
(Fig. 5B).

DISCUSSION

Intraocular fibrosis within a proliferative membrane is a
clinically recognized underlying pathologic feature in PVR
and PDR that leads to functional impairment of the retina. The
proliferative membrane reportedly contains RPECs, hyalocytes,
glial cells, and macrophage-derived cells,3® and RPECs are
known to have a key role in developing pathology. Numerous
studies have reported the fibrotic- or EMTlike change by use of
the ARPE-19 cell line, a human RPE cell line. Nonetheless, the
established cell lines may have an intrinsic weakness, such as
obtaining an abnormal chromosome along with passages.
Thus, test results obtained through the use of these cells might
not precisely mimic those of human primary cells. This
concern led us to establish primate primary RPECs, similar to
human primary RPECs.

TGF-B23! and vitreous specimens obtained from PVR or
PDR3? have been used to induce fibrotic change in ARPR-19
cells. The increased concentration of TGF-f2 in intraocular
proliferative diseases is well known,?® thus prompting us to
investigate TGF-B2 as an inducer of fibrotic phase transition in
our primate primary RPEC model. Fibrotic change of the
primary MRPECs was observed as the accumulation of actin
filaments in the cytoplasm. Overexpression of aSMA and
fibronectin was detected, suggesting that TGF-B2 induces EMT-
like phenotypic changes in the primary MRPECs similar to that
in the human RPE cell line. These ECM proteins, major
components of the proliferative membrane, are the typical
pathologic features evident in intraocular proliferative diseases.
Furthermore, expression of functional proteins, such as ZO-1,
Nat/K*+ATPase, N-cadherin, and RPE65, was diminished at the
cell surface in response to TGF-B2 stimulation. These findings
suggested that we successfully made an in vitro model of an
intraocular proliferative disease using primary MRPECs, and
that RPECs lost the characteristic epithelial phenotypes and
assumed EMT-like phenotypic changes by TGF-$2.

We further investigated the preventive effect of pioglitazone
on the fibrotic- or EMTlike change induced by TGF-f2. A
recent study showed that troglitazone, one of the PPAR-y

"agonists, can prevent TGF-B2-induced EMT-like changes in the

human RPE cell line.3® Our results with pioglitazone, another
PPAR-y agonist, are consistent with the observation obtained
from the human RPE cell line treated with troglitazone. The
inhibitory effect of pioglitazone on EMT reportedly also has
been observed in corneal keratocytes,3? kidney cells,’* and
lung cells.'® Importantly, our findings demonstrated the
preventive effect of the PPAR-y agonist pioglitazone on EMT
by use of primary MRPECs. In this investigation, it is not
uncovered if the effects of pioglitazone on the TGF-2-induced
EMT in cells are attributable to the PPAR-y receptor-involved
mechanism. Some of the glitazone members exhibit anti-TGF-8
effects through non-PPAR-y signaling. Thus, it is necessary to
test whether or not the action reported here is via PPAR-y. We
currently are planning a future study to elucidate the molecular
mechanism of the pioglitazone-mediated anti-EMT phenome-
non in RPE cells, for example by using a dominant negative
PPAR-y system. The aim of our present study was to clarify the
effect of PPAR-y on the cynomolgus monkey primary RPE cells,
instead of the long-term maintained cell lines. For the PPAR-y
overexpression system, it usually is necessary to use stable cell
lines to investigate the intracellular events.

EMT can be induced or regulated by various growth and
differentiation factors, including TGF-f, fibroblast growth
factor, hepatic growth factor, and Wnt and Notch proteins.3>
Intracellular signaling molecules, such as p38 MAP kinase, 36
Notch,>” Wnt,3® NF-kB,>® and phosphatidylinositol-3-OH ki-
nase, %0 also reportedly are involved in the TGF-B signaling
pathway. In the Smad pathway, after TGF-f binds to the
receptor, the complex of phosphorylated Smad2/3 and Smad4
is translocated into the cell nucleus following gene overex-
pression in genes, such as COLIA1.4' Of interest, our findings
demonstrated that pioglitazone hampers phosphorylation of
Smad2/3 activated by TGF-B2 in primate primary RPECs, yet at
a low level. However, the precise mechanism by which
pioglitazone induces the suppression of EMT in primate
primary RPECs has yet to be elucidated.
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The findings of our present study demonstrated that
pioglitazone, a drug now being used for the treatment of
diabetes mellitus, may hold the potential of being a clinically
applicable pharmaceutic agent for the prevention or inhibition
of intraocular proliferative diseases in the early stage of the
pathology or if applied following surgery for retinal detach-
ment. Further investigation using PVR, PDR, and AMD in vivo
models is crucial to elucidate the pathology of these diseases
and to discover clinically applicable therapeutic interventions
for these diseases. Such future investigations hopefully will
lead to the development of new drugs, such as pioglitazone.
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Abstract

‘Background: Stevens-Johnson syndrome (SJS) is an acute inflammatory vesiculobullous reaction of the skin and mucosa,
often including the ocular surface, and toxic epidermal necrolysis (TEN) occurs with its progression. Although SJS/TEN is
thought to be initiated by certain types of medication coupled with possible infection. In the present study we examined
_the multiplicative interaction(s) between HLA-A*0206 and 7 Toll-like receptor 3 (TLR3) Slngle -nucleotide polymorphisms
,(SNPs) in patlents thh SJS/TEN.

Pr/napa/ F/ndmgs We analyzed the genotypes for HLA-A and 7 TLR3 SNPs in 110 Japanese SJS/TEN patients with severe
‘ocular complications and 206 healthy. volunteers to examine the interactions between the two loci. We found that HLA-
A*0206 exhibited a high odds ratio for SIS/TEN (carrier frequency: OR=5.1; gene frequency: OR=4.0) and that there was
a strong association with TLR3 rs.5743312T/T SNP- (OR=7.4), TLR3 rs.3775296T/T SNP. (OR=5.8), TLR3 rs5.6822014G/G SNP
(OR=4.8), TLR3 rs.3775290A/A SNP (OR=2.9), TLR3 rs. 7668666A/A SNP (OR =2.7), TLR3 r5.4861699G/G SNP (OR=2.3), and
TLR3 r5.11732384G/G SNP (OR=1.9). There was strong linkage disequilibrium (LD) between rs.3775296 and rs.5743312 and
between 15.7668666 and rs.3775290. The results of interaction analysis showed that the pair, HLA-A*0206 and TLR3 SNP
. 'rs3775296T/T, which exhibited strong LD with TLR3 r5.5743312, exerted more than additive effects (OR=47.7). The other -
_pairs, HLA-A%*0206 and TLR3 rs. 3775290A/A SNP (OR= 11.4) whlch was in strong. LD with TLR3 rs7668666A/A SNP, and TLR3
- rs4861699G/G SNP (OR =7.6) revealed additive effects. Moreover, the combination HLA-A*0206 and TLR3 r53775296T/T was
: stronger than the TLR3 rs6822014G/G and TLR3 rs377529OA/A pair, whuch reﬂected the interactions W|thm the TLR3 gene
alone , :

Slgnlf/cance By interaction anaIySIs, HLA-A*0206 and TLR3 SNP r53775296T/T whlch were in strong LD with TLR3 SNP
rs5743312T/T, manifested more than additive effects that were stronger than the interactions within the TLR3 gene alone.
Therefore, multiplicative mteractuons of HLA- A and TLR3 gene might be required for the onset of SJS/TEN with ocular
compllcatlons ~
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Introduction

Stevens-Johnson syndrome (SJS) is an acute inflammatory
vesiculobullous reaction of the skin and mucous membranes. It
was first described in 1922 by Stevens and Johnson, [1] both
pediatricians, who encountered 2 boys aged 8 and 7 who
manifested an extraordinary, generalized skin eruption, persistent
fever, inflamed buccal mucosa, and severe purulent conjunctivitis
resulting in marked visual disturbance. Subsequently, other
pediatricians reported that SJS was associated with infectious
agents such as Mycoplasma pneumoniae, [2] and a viral ctiology
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involving herpes simplex virus, Epstein-Barr virus, cytomegalovi-
rus, and varicella zoster virus [3]. On the other hand, dermatol-
ogists claimed that more than 100 different drugs were implicated
in cliciting §JS and its severe form, toxic epidermal necrolysis
(TEN) [4,5]. The annual incidence of SJS and TEN has been
estimated to be 0.4—1 and 1-6 cases per million persons,
respectively; [6,7] the reported mortality rate is 3% and 27%,
respectively  [8]. Although rare, these rcactions have high
morbidity and mortality rates, and often result in severe and
definitive sequelae such as vision loss. SJS/TEN is one of the most
devastating ocular surface discases leading to corneal damage and
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loss of vision. The reported incidence of ocular complications in
SJS/TEN is 50-68% [7,8].

In the acute stage, patients manifest vesiculobullous lesions of
the skin and mucosa, especially that of the eyes and mouth, and
severe conjunctivitis. The loss of finger nails in the acute or
subacute stage due to paronychia was observed, has been observed
in almost all SJS/TEN patients with severe ocular surface
complications [9,10,11,12].

In the chronic stage, despite healing of the skin lesions, ocular
surface complications such as conjunctival invasion into the cornea
[10,11,12,13,14,15,16,17,18]. It is also reported that lid margin
keratinization and tarsal scarring, together with lipid tear de-
ficiency, contributes to corncal complications because of blink-
related microtrauma [19].

Elsewhere we reported that the frequency of carriers of the
HLA-A*0206 antigen is significantly higher among Japanese
patients with severe ocular surface complications than in other
populations [18,20]. Our single nucleotide polymorphism (SNP)
association analysis of candidate genes documented the associated
polymorphisms of several immune-related genes including TLRS3,
(12,17] IL4R, [14,16] IL13, [16] and FasL [15]in Japanese S]S/
TEN patients with severe ocular surface complications. To
clucidate the detailed pathophysiology of SJS/TEN we performed
a genome-wide association study of SJS/TEN patients and found
associations between 6 SNPs in the prostaglandin E receptor 3
(EP3) gene (PTGERS3) and SJS/TEN accompanied by severe
ocular surface complications [11]. Moreover, gene-gene interac-
tion analysis in SJS/TEN patients with severe ocular surface
complications revealed that the interaction between 7LR3 and
PTGER3 exerted SJS/TEN susceptibility effects, and there was

Gene-Gene Interaction between HLA-A*0206 and TLR3

a functional interaction between TLR3 and EP3 in a murine
experimental allergic conjunctivitis model. [12].

In the present study we examined the multiplicative interac-
tion(s) between HLA-A*0206 and 7 TLR3 SNPs (rs3775296
(uSNP), rs5743312 (iISNP), rs6822014 (gSNP), 153775290 (sSNP),
rs7668666 (iSNP), rs11732384 (iSNP), and rs4861699 (gSNP))
associated with the SJS/TEN patients [12,17] as the onset of SJS/
TEN was associated not only with the administration of drugs but
also with putative viral syndromes [10,11,12,17]. HLA-A is
a component of HLA class I, which resides on the surface of all
nucleated cells and alerts the immune system that the cell may be
infected by a virus, thereby targeting the cell for destruction.
TLR3 recognises viral double-stranded RNA [21].

Results

We analyzed the genotypes for HLA-A and 7 TLR3 SNPs in
110 Japanese SJS/TEN patients with severe ocular complications
and 206 healthy volunteers to examine the interactions between
the two loci.

We found that HLA-A*0206 exhibited a high odds ratio for
SJS/TEN (carrier frequency: p=6.9x107'% OR=5.1; gene
frequency: p=2.5x 107°, OR = 4.0) (Table 1).

We also found that there was a strong association with TLR3
15.57433129T/T SNP (I/T vs T/C+C/C: p=2.5%x107%,
OR=74), TLR3 15.3775296T/T SNP (T/T vs T/G+G/G:
p=82x10"% OR=5.8), TLR3 5.6822014G/G SNP (G/G vs
G/A+A/A:p=1.2x10"* OR =4.8), TLR3 15.3775290A/A SNP
(A/JA vs A/G+G/G: p=7.1x10"% OR=29), TLRS
rs.7668666A/A SNP (A/A vs A/G+G/G: p=1.2x107%,
OR=2.7), TLR3 rs4861699G/G SNP (G/G vs G/A+A/A:

Table 1. Association between HLA-A*0206 and SJS/TEN with ocular complications.

HLA-A Carrier frequency Gene frequency

: §JS . Normal p-value Odds SIS , Normal pvalue  Odds

(=110 (n=206) Vol Ratio  (n=220) (n=412) sl Ratio

*0206 46.4% (51/110)  14.6% (30/206) 6.9x1071° 5.07 24.1% (53/220) 7.3% (30/412) 25%107° 4.04
B R TR R T e R e
0201 264% (29/110)  214% (44/206) 03 - 145% (32/220)  114% (@7/412) 03 -
0207 91%(10/110)  7.8%(16/206) 07 - 45%(10/220)  39%(16/412) 07 E
%0210 0% (0/110) 1.0% (2/206) 03 - 0% (0/220) 0.5% (2/412) 03 -
0301 27%(/110)  14%(3/206) 04 L 4% (32200 07% (G412 04 P
0302 0%(0/110)  05%(1/206) 05 - 0% (0/220) 02% (1/412) 05 -
<1101 73%(®110)  184%(38/206)  73x107° 035 36% (8220 92% (38412  10x10? 037
#1102 0% (0/110) 05% (1/206 05 - 0% (0/220) 0% (/412 05 -
2402 455%(50/110)  607%(125/206)  95x107 054 250%(55220)  367%(151412)  29x107° 058
%2420 0% (0/110) 05% (1206 05 - 0% (0/220) o (/412 05 -
2601 91%(10/110)  126% (26/206) 03 - 45% (102200 66%(27/412) 03 -
2602 55% (6/110)  2.9% (6/206) 03 - 279% (6/220) 1.7% (7/412) 04 -
2603 18%(/110)  78%(16/2000 30x1072 02 09% (/2200 39% (16/412  32x1077 02
%2605 0% (0/110) 0.5% (1/206) 05 - 0% (0/220) 02% (1/412) 05 -
2001 0% (0/110) 199 (4/206) o1 0% (02200 10% @412 01 .
%3001 0.9% (1/110) 0% (0/206) 02 - 0.5% (1/220) 0% (0/412) 02 -
BI01 136K 05/110)  165% (34206 05 : 68% (15220 83%(4/412) 05 -
3201 0% (0/110)  05%(1/206) 05 - 0% (02200 02% (1/412) 05 -
*3303  227%(5/110) . 141%(29/206) 005 - 114% (25/2200  70%(9/412) 006 -
doi:10.1371/journal.pone.0043650.t001
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Table 2. Association between TLR3 SNPs and SJS/TEN with ocular complications.
rs number of Genotype 11 vs.
SNP Genotypes Case (N=110) Control (N=206) Allele 1 vs. Allele 2 12422 Genotype 11+12 vs. 22
T A A S R R e T e e
 OR® ORP
, ,  (95%C1) O
rs4861699 11 G/G 65/110 (59.1%) 79/206 (38.3%) 0.0016 0.28
“ T2 oA 36110 (327%) 102/206 (495%) 18 o s
2 AA 9/110 (8.2%) 25/206 (12.1%) (125-259) (1.45-3.72)  (0.70-3.45)
56822014 11 AA 55/110(500%)  127/206 (61.7%) 8.9%10° " 0.046 e
' 12 AG 37/110 (33.6%) 71/206 (34.5%) 0.54 0.62 021
. 72 GG 18110(164%) 8/206 (3.9%) U (037-078) (039099 (009-049)
11732384 11 G/G 72/110 (65.5%) 103/206 (50.0%) 0029 0.0085 0.88 '
0 GA 3110082%) 89206 @32%) . 1s4 . 1g9 e
2 AA 77110 (6.4%) 14/206 (68%) (104-228) (1.17-3.06) (042-2.74)
153775296 11 G/G  49/110 (445%)  109/206 (529%) 00020 016 82x10°°
4 ' 2 G 401110 (36.4%) 89/206 (43.2%) 0.58 071 017
2 T 2110090%) - 8/206 (39%) (040082 (045114 (007-040)
55743312 11 C/C 52/110 (47.3%) 115/206 (55.8%) 0.0014 0.15 25%107°
g o 85/206 (413%) . 056 Uo7 014
2 T 201110 (18.2%) 6/206 (2.9%) (039-080)  (045-113) ' 005-035)
17668666 11 C/C. 36/110 327%)  83/206 (403%) 00085 019 00012
V' 12 oa 477110 (427%) 1017206 (49.0%) 0.64 072 037
D NA 27110 (45%) 22/206 (10.7%) - (046-089) ‘044-T17) T (020-068)
53775290 11 G/G 38/110 (34.5%) 82/206 (39.8%) 0.016 036 7.1x1074
L 12 G/A  45110409%) 103/206(500%) - 066 080T a3s
2 AA 27/110 (24.5%) 21/206 (10.2%) (0.48-0.93) (0.50-1.29) (0.18-0.65)
2p-value for allele or genotype frequency comparisons between cases and controls using the chi-square test.
POR, odds ratio.
Cl, confidence interval.
doi:10.1371/journal.pone.0043650.t002
p=4—.2x10w‘1, OR =2.3), and TLR3 1s.11732384G/G SNP (G/ (rs3775296, 1s6822014, rs3775290, rsl11732384, rs4861699).

G vs G/A+A/A: p=8.5x107% OR=1.9) (Table 2). All SNPs
were in Hardy-Weinberg equilibrium (p>0.01) in the samples
from paticnts and the controls. Based on the squared corrclation
coefficient 1%, we investigated the linkage disequilibrium (LD)
among the T7LR3 SNPs. We found strong LD between rs.3775296
and rs.5743312 (D’ =1, =091 1), and between rs. 7668666 and
r5.3775290 (D’ =0.973, r* = 0.934) (Fig. 1).

Results of interaction analysis showed that the pair, HLA-
A*0206 and TLR3 SNP 153775296 T/'L, which exhibited strong
LD with TLR3 rs.5743312, exerted more than additive effects. We
found that while 11 of the 110 patients (10%) manifested both
HLA-A*0206 and TLR3 rs3775296T/T SNP, none of the 206
controls did (p=6.5><10“6, OR =47.7, Woolf’s correction). The
other pairs, HLA-A*0206 and TLR3 rs.3775290A/A SNP, which
was in strong LD with TLR3 rs.7668666, or TLR3 rs4861699G/
G SNP revealed additive effects: 16 of the 110 patients (14.5%) but
only 3 of the 206 controls (1.5%) had both HLA-A*0206 and
TLR3 15.3775290A/A SNP (p=7.4x107° OR=11.4). In
addition, 33 of the 110 patients (30%), compared to 11 of the
206 controls (5.3%), had both HLA-A*0206 and TLR3
15.4861699G/G SNP (p=1.6x1077%, OR =7.6) (Table 3).

Moreover, to examine the interactions within the TLR3 gene
alone we analyzed interactions between 2 each of 5 TLR3 SNPs
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Combinations of high risk genotypes, on which the observed
numbers in cases were greater than of the controls and greater
than five, were analyzed. One of the 9 combinations, TLRS
1s6822014G/G and TLR3 1rs3775290A/A, exerted more than
additive cffects (OR 16.1, p= 2.O><10‘G) (Table 4). However, the
combination HLA-A*0206 and TLR3 rs3775296'1/T produced
a stronger additive effect than it. In addition, we performed
haplotype association analysis with the 7 TLR3 SNPs (rs4861699,
rs6822014, 1s11732384, rs3775296, 1s5743312, rs7668666,
rs3775290) and the 5 TLR3 SNPs (rs4861699, rs6822014,
rs11732384, rs3775296, rs3775290), and found that no haplotype
showed strong association (p<<0.001) (Table SI). Thus, the
haplotype associations appear to contribute little to the observed
interactions.

Discussion

To our knowledge, ours is the first report documenting the
additive effects of HLA-A*0206 and TLR3 polymorphisms. Our
interaction analysis showed that the pair HLA-A*0206 and TLR3
SNP 1rs3775296'1/T, which was in strong LD with TLR3
rs.5743312, exerted more than additive effects, and that other
pairs, HLA-A*0206 and TLR3 rs.3775290A/A SNP in strong LD
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