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This review describes our recent attempts to develop new therapeutic modalities for corneal endothelial
disease using animal models including non-human primate model in which the proliferative ability of
corneal endothelial cells is severely limited, as is the case in humans. First, we describe our attempt to
develop new surgical treatments using cultivated corneal endothelial cells for advanced corneal endo-
thelial dysfunction. It includes two different approaches; a “corneal endothelial cell sheet trans-
plantation” with cells grown on a type-I collagen carrier, and a “cell-injection therapy” combined with
the application of Rho-kinase (ROCK) inhibitor. Recently, it was reported that the selective ROCK
inhibitor, Y-27632, promotes cell adhesion and proliferation and inhibits the apoptosis of primate corneal
endothelial cells in culture. When cultivated corneal endothelial cells were injected into the anterior
chamber of animal eyes in the presence of ROCK inhibitor, endothelial cell adhesion was promoted and
the cells achieved a high cell density and a morphology similar to corneal endothelial cells in vivo. We are
also trying to develop a novel medical treatment for the early phase of corneal endothelial disease by the
use of ROCK inhibitor eye drops. In rabbit and monkey experiments using partial endothelial dysfunction
models, corneal endothelial wound healing was accelerated by the topical application of ROCK inhibitor
to the ocular surface, and resulted in the regeneration of a corneal endothelial monolayer with a high
endothelial cell density. We are now trying to advance the clinical application of these new therapies for
patients with corneal endothelial dysfunction.
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The corneal endothelium is the innermost layer of the cornea,
derived from the neural crest, and plays an essential role in the
maintenance of corneal transparency via its barrier and pump
functions. Since the human corneal endothelium is essentially non-
regenerative in vivo, endothelial cell loss due to dystrophy, trauma,
or surgical intervention is followed by a compensatory enlargement
of the remaining endothelial cells. Thus, there is functional reserve.
However, if cell loss is too great the outcome is often irreversible
corneal endothelial dysfunction. For many years penetrating kera-
toplasty was the only realistic choice of surgery for visual loss due
to corneal endothelial dysfunction, but it is not a risk-free treat-
ment. To overcome the problems associated with penetrating
keratoplasty, new surgical procedures (i.e. the posterior lamellar
keratoplasties) which replace the endothelium without host
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corneal trephination have been developed (Gorovoy, 2006; Melles
et al., 2000; Price and Price, 2005; Terry and Ousley, 2001).
However, irrespective of the selected keratoplasty procedure,
corneal endothelial cell loss can be a long-term problem following
corneal transplantation using donor tissue (Price et al., 2011; Terry
et al.,, 2008).

The ultimate goal of our research is to develop new surgical and
medical treatments for corneal endothelial disease, which provide
a healthy corneal endothelium with high cell density. To achieve
this we are currently focusing on the proliferation of corneal
endothelial cells. Currently, our efforts are aimed at developing
feasible medical treatments for the early stage of corneal endo-
thelial dysfunction, such as those that involve the use of ROCK
inhibitor eye drops. We have also tried to develop surgical treat-
ments for advanced corneal endothelial dysfunction, such as
a cultivated corneal endothelial cell sheet transplantation using
a type-I collagen carrier, or a cultivated Descemet-stripping auto-
mated endothelial keratoplasty (DSAEK) surgery using a human
lamellar graft in animal bullous keratopathy models. At present, we
are also investigating a form of cultivated corneal endothelial
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transplantation without the use of a carrier. In this review we
report our recent progress toward the development of new thera-
peutic modalities for corneal endothelial disease focused on the
proliferation of corneal endothelial cells using animal models.

1. Cultivated corneal endothelial cell sheet transplantation in
a monkey model

Although human corneal endothelial cells are mitotically inac-
tive and are arrested at the G1 phase of the cell cycle (Joyce, 2003),
they retain the capacity to proliferate in vitro (Engelmann et al.,
1988; Miyata et al., 2001; Senoo and Joyce, 2000; Zhu and Joyce,
2004). Some groups, ours included, have worked on developing
cultivated human corneal endothelial cell sheet transplantation
with (Ishino et al., 2004; Mimura et al., 2004) or without (Sumide
et al, 2006) carrier materials, and have demonstrated in vivo
functionality in a rabbit model. It is known that the proliferative
ability of corneal endothelial cells varies among species, and that
rabbit corneal endothelial cells proliferate very well even in vivo. In
contrast, as in humans, the ability of monkey and feline corneal
endothelial cells to proliferate is severely limited (Matsubara and
Tanishima, 1982; 1983; Tsuru et al., 1984; Van Horn and Hyndiuk,
1975; Van Horn et al., 1977), rendering these species as represen-
tative models for corneal endothelial cell research. To this end, our
laboratory developed a corneal endothelial dysfunction model in
monkeys by mechanical scraping of the endothelium followed by
trypan blue staining of the denuded Descemet’s membrane.
Thereafter we examined the feasibility of cultivated corneal endo-
thelial transplantation. To the best of our knowledge, endothelial
research programmes using monkey models for developing new
corneal therapies are not established or in widespread use in other
laboratories.

1.1. Cultivated monkey corneal endothelial sheets using collagen
type-1 as a carrier

Corneas were obtained from cynomolgous monkeys (3—5 years
old: estimated comparable human age, 5—20 years) at euthanasia
for other research purposes at NISSEI BILIS Co., Ltd. (Ohtsu, Japan),
and KEARI Co., Ltd. (Wakayama, Japan). At all times the ARVO
guidelines for the use of animals in ophthalmic research were
adhered to, as were local and national ethical rules. We cultivated
monkey corneal endothelial cells according to a modified protocol
for human corneal endothelial cell culture (Ishino et al., 2004;
Miyata et al., 2001). In brief, Descemet’s membrane was stripped
of intact monkey corneal endothelial cells and dissociated using
Dispase II. The monkey corneal endothelial cells were cultivated on
tissue culture plates coated with cell attachment reagent (FNC
coating mix) in culture medium containing DMEM supplemented
with 10% FBS, 50 U/ml penicillin, 50 pg/ml streptomycin, and
2 ng/ml bFGF. Primary cultures formed confluent layers of hexag-
onal cells within 14 days, with an average cell density of more than
2500 cells/mm?. After 3—5 passages on culture plates, confluent
subculture cells were seeded onto rehydrated collagen type-I
sheets (Fig. 1A, B) at a concentration of 510 x 10% cells/mm?.
After reaching confluence in one week, cells were kept in culture
for an additional two weeks. Alizarin red staining revealed mainly
hexagonal, homogeneous cells with an average density of
2240 + 31 cel[s/mm2 (mean =+ S.E.) (Fig. 1C). Immunohistochemical
staining of ZO-1 and Na*/K*-ATPase revealed that these functional
proteins were located at the cell boundaries of the cultivated MCEC
sheets (Fig. 1C). Examination by TEM showed a monolayer of
endothelial cells similar to that seen in normal in vivo corneal
endothelium of monkeys (Koizumi et al., 2007).

1.2. Transplantation of cultivated monkey corneal endothelial cells
on type-I collagen sheets into monkey eyes

Six female cynomolgous monkeys (2.0-2.5 kg) were anes-
thetized intramuscularly with a mixture of ketamine hydrochloride
(5 mg/kg; Sankyo, Tokyo, Japan) and xylazine (1 mg/kg, Bayer,
Munich, Germany) followed by inhalation anesthesia with iso-
flurane. Surgery was carried out in an animal surgery room at the
same levels of cleanliness as for human keratoplasty. During
surgical procedures, animals were observed by veterinarians
monitoring pulse, blood pressure, and partial pressure oxygen. To
induce endothelial dysfunction 3-mm limbal-corneal incisions
were made in the right eyes of the six monkeys, and then the corneal
endothelia were removed by mechanical scraping using a 20G sili-
cone needle, followed by 0.04% trypan blue staining to confirm that
all endothelial cells were removed from Descemet’s membrane. The
scraped area measured at least 9 mm in diameter (the diameter of
the corneais approximately 10 mm). For the posterior graft,a 6 mm-
diameter limbal-corneal incision was made and a 6-mm diameter
disc of a cultivated monkey corneal endothelial cells on a sheet was
brought into the anterior chamber in four eyes of four animals using
a lens glide with the corneal endothelial side facing the anterior
chamber. In one of the surgeries a Dil labeled cultivated monkey
corneal endothelial cell sheet was used. In all cases the limbal-
corneal incision was closed with 10-0 nylon interrupted sutures
and the cultivated monkey corneal endothelial cell sheet attached to
Descemet’s membrane by air injection. As controls, a collagen sheet
without monkey corneal endothelial cells was transplanted in one
eye of one endothelial-dysfunctional animal, and a suspension of
cultivated monkey corneal endothelial cells was injected into the
anterior chamber in one eye of another. Following surgery we
conducted a four-year follow up of corneal clarity (slit-lamp),
corneal thickness (ultrasound pacymeter) and in vivo corneal
endothelial assessment (non-contact specular microscopy).

After surgery, the monkey corneal endothelial cell sheet was
attached to Descemet’s membrane and remained attached in all
experimental eyes (Fig. 2, 3rd day). In the two control eyes (i.e.
sheet only, and cell-injection) severe corneal edema was observed
after surgery. In the postoperative day 5—14 period in the operative
group the monkey corneal endothelial cell sheets became detached
from Descemet's membrane and dropped into the anterior
chamber in all of three eyes. Nevertheless, these corneas achieved
full clarity (Fig. 2, 14th day), which was maintained at least up to
eight months after surgery (Fig. 2, 8 months). These experiments
revealed that whereas irreversible corneal edema and neo-
vascularization, similar to that seen in advanced bullous keratop-
athy in humans, occurred following endothelial scraping, eyes
which received cultivated monkey corneal endothelial cell sheet
transplantation recovered their clarity and became less edematous
with time. Ours is the first study to investigate the feasibility of
cultivated corneal endothelial sheet transplantation in a primate
allograft model in which corneal endothelial cells have low in situ
proliferative potential. Interestingly, in the successful post-surgery
animals corneal endothelial cells more than 2000 cells/mm? were
observed by specular microscopy six months postoperatively. In
some additional experiments, we found Dil labeled donor corneal
endothelial cells on the host Descemet’s membrane outside of the
sheet transplantation area in the early postoperative period
(Koizumi et al., 2008). This was unexpected, and the mechanism of
wound healing was not as we initially envisaged; i.e. we did not
expect to see migration or proliferation of monkey corneal endo-
thelial cells in the eye. This finding lead us to speculate that, once
cultivated in vitro, monkey corneal endothelial cells might recover
their proliferative ability and are able to migrate onto the host
Descemet’s membrane and proliferate in vivo. This provides us with
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Fig. 1. Cultivated monkey corneal endothelial cell sheet on a collagen type-I carrier. (A, B) Primary culture of monkey corneal endothelial cells subcultured on a collagen type-I
sheet. The cultivated corneal endothelial sheet is transparent and easy to handle. (C) Alizarin red staining of the cultures reveals mainly hexagonal, homogeneous cells with
a density of 2800 cells/mm?. The cultivated monkey corneal endothelial cells on a collagen type-I sheets expressed Z0-1 and Na*/K*-ATPase at their lateral cell membranes (green).
Propidium iodide was used to visualize the cell nuclei (red). (Scale bars: 50 pm). (Reprinted with some modification from Koizumi et al. (2007) with permission from the Association
for Research in Vision and Ophthalmology). (For interpretation of the references to colours in this figure legend, the reader is referred to the web version of this article.)

Intensive scraping of the corneal 3rd day 14t day 8 months
endothelial cells ' : - _

Transplantation of the 6mm-
diameter cultivated MCEC sheet
(endothelial side down) '

Fig. 2. Schematic image of the surgical procedure and slit-lamp photographs after cultivated monkey corneaj endothelial cell sheet transplantation. In cultivated monkey corneal
endothelial cell sheet transplanted eyes, the sheet was attached to Descemet’s membrane on the 3rd day and a clear cornea was recovered by two weeks. The eyes remain clear up
to the most recent observation, even though the sheet was detached from the posterior cornea.
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a potential new concept for the treatment of corneal endothelial
dysfunction, which involves not just transplantation of a cultivated
corneal endothelial sheet, but the transplantation of endothelial
cells which have the renewed ability to proliferate in vivo. Our long-
term observation using non-contact specular microscopy suggest
that corneal endothelial cell proliferation was stopped when the
cells reached confluence probably due to contact-inhibition
(Koizumi et al., 2008).

1.3. Cultivated-DSAEK surgery in an animal models

Another concept for corneal endothelial repair is the use of
donor posterior stromal tissue as a carrier for cultivated corneal
endothelial cells. We examined the feasibility of using human
corneal lamellar graft tissue as a carrier for the cultivation of
corneal endothelial cells. Descemet’s membrane, with an intact
corneal endothelium, was removed from human corneal tissue
obtained from an American eye bank (SightLife, Seattle, WA) for
research purposes. Corneal lamellar grafts (150~200 pm thick and
8 mm in diameter) were made from the posterior stroma using
a Moria microkeratome. They were preserved in the freezer
at —20 °C for four weeks before being seeded with monkey corneal
endothelial cells (2 x 10 cells/graft) and cultivated for three weeks.
Under general anesthesia, the corneal endothelium and Descemet’s
membrane were removed by scraping with a 20G silicone needle,
and the lamellar grafts with monkey corneal endothelial cells were
transplanted onto the posterior cornea of one monkey and one
rabbit using a Busin glide in a similar procedure to DSAEK (Fig. 3A).
The allograft in the monkey eye was performed for the long-term
observation of the surgical outcome; the xenograft in the rabbit
was performed for the short-term (up to 48 h) evaluation of donor

A

Monkey corneal endothelial cells
cultivated on human corneal lamellar grafts

endothelial cell damage during the graft insertion process. Histo-
logical examination showed that confluent monkey corneal endo-
thelial cells were established on the human corneal lamellar graft at
a density 0f 2240 cells/mm?, and the protein expression of ZO-1 and
Na*[K*-ATPase was confirmed by immunohistochemistry. The day
after surgery, the graft was well attached to the host corneal stroma
and mild corneal edema was observed (Fig. 3B). Histological
examination of the rabbit eye with alizarin red staining showed no
donor endothelial damage due to the graft insertion (Fig. 3C).
A long-term observation in the monkey model indicated that the
cornea recovered its clarity by postoperative week two. Pre-
experimental corneal thickness of the monkey was 473 pum, and
the corneal thickness one week postoperatively was 1042 pm,
which decreased to 600 pm at the eight month time point. One
month after surgery the cornea was clear and remained so seven
months later (Fig. 4). No signs of rejection were detected with the
use of minimal immunosuppressive treatment (steroid ointment
applied once daily for one month). Control eyes from which corneal
endothelial cells were scraped showed severe bullous keratopathy
after surgery, which did not recover during the observation period.
By non-contact specular microscopy, polygonal cells were observed
at a density of 2178 cells/mm? at two months and 1841 cells/mm? 8
months after surgery (Fig. 4D). Though our results are still
preliminary, they suggest the possibility of cultivated corneal
endothelial cell transplantation using a corneal lamellar graft.

2. Cell-injection therapy using a selective Rho-kinase (ROCK)
inhibitor

Direct transplantation of cultivated corneal endothelial cells
onto the posterior cornea by “cell-injection into the anterior

Cc

Fig. 3. Cultivated monkey corneal endothelial transplantation (cultivated-DSAEK) in a rabbit corneal endothelial dysfunction model. Using a microkeratome, a human corneal
lamellar graft was created onto which monkey corneal endothelial cells were cultivated for 3 weeks. The graft was successfully transplanted into rabbit eyes. Donor monkey corneal
endothelial cells were detected both at the center and peripheral part of the graft were not damaged by the graft insertion process. In addition, donor monkey corneal endothelial
cells were clearly distinguished from host (rabbit) corneal endothelial cells with acellular area (host-graft junction).
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Fig. 4. Cultivated-DSAEK in a monkey corneal endothelial dysfunction model. DSAEK graft composed of monkey corneal endothelial cells cultivated on a human lamellar graft was
transplanted into endothelially denuded monkey eyes. The graft was well-attached to the host corneal stroma 24 h after transplantation (A). One month after surgery, the cornea
became clear (B) and remained so for up to 8 months (C). Corneal endothelial cells at a density of 1841 cells/mm? were observed (D).

chamber” has been considered an ideal method of reconstructing
the corneal endothelial layer of patients with endothelial
dysfunction. To develop an effective method to deliver cultivated
corneal endothelial cells to the posterior cornea, magnetic attach-
ment of iron-powder (Mimura et al,, 2003; Mimura et al., 2005a) or
superparamagnetic microspheres (Patel et al.,, 2009) incorporated
in cultivated corneal endothelial cells has been attempted. These
approaches work in a rabbit transplantation model or an organ
culture model of the human eye, but have not yet been clinically
applied. Now, we are trying to develop a cell-injection therapy
combined with the use of a ROCK inhibitor which promotes corneal
endothelial cell adhesion onto the posterior cornea.

2.1. ROCK inhibitor and corneal endothelial cells in vitro

Rho-kinase (ROCK) is a serine/threonine kinase, which serves as
a target protein for Rho and has been initially characterized as
a mediator of the formation of RhoA-induced stress fibers and focal
adhesions. The Rho/ROCK pathway is involved in regulating the
cytoskeleton, cell migration, cell proliferation, and apoptosis
(Coleman et al., 2004; Hall, 1998; Olson et al., 1995; Riento and
Ridley, 2003). In the cornea field, it is reported that ROCKs are
involved in corneal epithelial differentiation, cell-cycle progression,
and cell—cell adhesion (Anderson et al, 2002; Anderson and
SundarRaj, 2001; SundarRaj et al., 1998). ROCKs also influence the
phenotype of stromal cells, their cytoskeleton reorganization, and
cell-matrix interactions (Anderson et al., 2004; Harvey et al.,, 2004;
Kim et al., 2006; Kim and Petroll, 2007; Lakshman et al., 2007;
Petroll et al., 2004). In terms of the corneal endothelium, the

Rho/ROCK pathway has an influence on the wound healing and
barrier function (D’Hondt et al., 2007; Satpathy et al., 2005; 2004).

In 2007, our collaborators reported that a selective ROCK
inhibitor, Y-27632, diminished the dissociation-induced apoptosis
of human embryonic stem cells (Watanabe et al., 2007). We
subsequently examined the effect of Y-27632 on primate corneal
endothelial cells in vitro and found that the inhibition of Rho/ROCK
signaling by Y-27632 inhibited dissociation-induced apoptosis and
promoted the adhesion and proliferation of monkey corneal
endothelial cells (Okumura et al, 2009) (Fig. 5). We are now
applying commercially available Y-27632 purchased from Wako
Pure Chemical Industries {Osaka, Japan) to human corneal endo-
thelial cells in culture, as well as developing cell-injection thera-
pies. We have no commercial interest with the use of Y-27632 of
this project.

2.2. Cell-injection therapy combined with ROCK inhibitor in animal
models

Rabbit corneal endothelial cells were cultured as previously
described and 2 x 10° cells were injected into the anterior chambers
of rabbit eyes from which host corneal endothelial cells had been
scraped off. Cells were injected with or without 100 pM of ROCK
inhibitor, Y-27632. The eye of each animal was kept in the face-
down position for 3 h following injection (Mimura et al., 2005b),
and it was found that when Y-27632 was present the donor cells
became nicely attached onto the host Descemet’s membrane and
the host cornea recovered its transparency. This attachment was
not so advanced in the cell-injected eyes without the inclusion of
Y-27632. Histological examination confirmed that cell adhesion
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Fig. 5. ROCK inhibitor (Y-27632) promotes the proliferation of monkey corneal endothelial cells. (A) Double-immunostaining of Ki67 and actin fibers; passaged monkey corneal
endothelial cells were cultured for 48 h and stained successively with Ki67 and phalloidin. Ki67 (green), actin (red), and DAPI (blue). Insets are higher magnification. Scale bars
250 wm. (B) Ki67 positive cells were analyzed by flow cytometry. Monkey corneal endothelial cells were subcultured for 1 or 2 days, and stained successively with Ki67. The numbers
of Ki67 positive cells were significantly elevated in the presence of Y-27632 on both day 1 and 2 (*P < 0.05, *P < 0.01). Data are expressed as the mean - SE (n = 6). (Reprinted from
Okumura et al. (2009) with permission from the Association for Research in Vision and Ophthalmology). (For interpretation of the references to colours in this figure legend, the

reader is referred to the web version of this article.)

was enhanced by Y-27632, and that the healthy polygonal mono-
layer was reconstructed in the cell-injected eyes with this selective
ROCK inhibitor. Unlike in the Y-27632-treated eyes, corneal edema
persisted in the cell-injected eyes without Y-27632 and most of the
endothelial cells showed fibroblastic changes with elongated cell
shapes (in submission). Stratification was also detected by phal-
loidin staining. Repeated experiments in monkeys with longer
observation periods (in submission) have confirmed that the
procedure results in a high density of corneal endothelial cells
formed into healthy polygonal monolayers.

3. Eye drop treatment for corneal endothelial disease

A pure medical treatment for corneal endothelial disease has
been sought for a long time by ophthalmologists and patients. It has
been reported that human corneal endothelial cells in organ
cultured corneas proliferate in response to wounding, as they are if
released from contact-inhibition by EDTA (Senoo et al., 2000). It has
also been reported by our group that connexin43 knockdown by
siRNA promotes corneal endothelial proliferation and wound
healing in a rat corneal endothelial injury model (Nakano et al,,
2008). However, to the best of our knowledge no pharmacolog-
ical agent is in use clinically for the treatment of corneal endothelial
dysfunction.

3.1. ROCK inhibitor eye drop treatment in in vivo animal models

With the purpose of developing a pharmacological treatment
for corneal endothelial dysfunction, we examined the effect of
Y-27632 ROCK inhibitor eye drops on corneal endothelial cells
using an animal corneal endothelial injury model. The target of the
pharmacological treatment is the early phase of corneal endothelial
disease in patients such as those with Fuchs’ dystrophy, or those
with corneal endothelial damage induced by intraocular surgeries
who nevertheless retain some healthy corneal endothelial cells.

First, we made a partial endothelial injury by transcorneal
freezing using a 7 mm diameter stainless-steel cryo-probe in
rabbits. After injury, 10 mM of Y-27632 diluted in 50 ul of phosphate-
buffered saline was applied topically in one eye of each animal six
times daily for 2 days, while PBS was applied in the other eye as
a control. In the Y-27632-treated eyes less corneal edema was
observed by slit-lamp microscopy and ultrasound pachymetry.
Histology showed that the mean wound area of Y-27632-treated
eyes was significantly smaller than that of control eyes (Fig. 6).
These results demonstrate that the topical administration of selec-
tive ROCK inhibitor, Y-27632, as an eye drop has the potential to
enhance corneal endothelial wound healing (Okumura et al., 2011).

To establish the application of ROCK inhibitor eye drop in
a clinical setting we have recently conducted a similar experiment
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Fig. 6. Effects of ROCK inhibitor Y-27632 eye drops in a rabbit model. The center of the corneal endothelium was damaged by transcorneal freezing, after which Y-27632 was applied
topically for 2 days. Slit-lamp microscopy revealed that corneal transparency was higher in the Y-27632 group compared to the control group (A, B). Alizarin red staining shows that
corneal endothelial wound healing was promoted in the Y-27632 group compared to the control group (D, E). The mean wound area of the Y-27632 group was significantly smaller
than that of the control group after 48 h (23.1 + 22.9% as a ratio of control; *P < 0.05) (E). Scale bar: 500 um. (Reprinted from Okumura et al. (2009) with permission from the British
Journal of Ophthalmology). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

using a partial corneal endothelial dysfunction model in monkey.
Early indications show that the topical application of Y-27632
following cryo-injury enables the corneal endothelium to retain
a high cell density in cynomolgus monkeys during a 1-month
observation period, with reproducibility confirmed in six eyes
(in submission).

4. Discussion: toward the clinical application of new
therapies

There are a numbers of research papers which report protocols
for human corneal endothelial cell culture, however, it is still
difficult for us to consistently expand usable amounts of human
corneal endothelial cells which retain a healthy morphology and

high cell density. Recently, we have used a selective ROCK inhibitor,
Y-27632, in our human corneal endothelial cell culture and it has
improved the culture results. Based on these findings, we are now
planning to apply cell-injection therapy using human cultivated
corneal endothelial cells combined with Y-27632 to advanced
corneal endothelial dysfunction patients in clinical setting. In line
with ethical considerations, endothelial cell expansion has great
potential to be helpful in the reconstruction of the posterior cornea
with possibilities for genetically-engineered endothelial cells or
HLA matched corneal endothelial cells to help avoid the allograft
rejection.

Regarding the Y-27632 eye drop treatment, we have obtained
the approval of the Institutional Review Board of Kyoto Prefectural
University of Medicine and have started a clinical pilot study of
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ROCK inhibitor eye drop treatment for bullous keratopathy and
have confirmed its safety and ability to recover corneal endothelial
cell density in some patients with specific conditions. Currently, we
are accumulating evidence regarding the mechanism of ROCK
inhibitor eye drops; our current understanding is that it works by
stimulating proliferation of the patients’ corneal endothelium
(unpublished data).

Given the burden on individuals and healthcare providers as
a result of corneal ‘endothelial dysfunction, the discovery and
introduction into clinical practice of new pharmacological agents
which are safe and effective is highly desirable. Such an achieve-
ment will potentially reduce the over-reliance on corneal trans-
plantation and improve the quality of life and vision for many.
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RADHEE 2 £ 9 H AN Stevens-Johnson JEEEED HLA class 1 fi##T

REEEZ AN,

THRERE, HE TR,

%’ﬂ‘), 7k—F —&zn
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VR SL ERRRRELEHE, TREM R E G ER R E A R vy —
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B Y : DUEn, ek, REMELZE S BAA Ste-
vens-Johnson i #&&f (Stevens-Johnson syndrome : SJS)
- chE MR R IESERLARIE (toxic epidermal necrolysis :
TEN)ZBE 71 ACHFEREMRB 13 AZWRIC, HLA
class 1-A, B, C DEH &7\, SJS/TEN EIE &
HLA class I, 452 A%0206 & ORBICEVERE S $3 2
EEFHRE LA SHEHIE, HARASJS/TEN BE 118 A&
FiE &R A4 3HAANE220 A #XHRIC, HLA class
I-A, B, CIZOWTDHERFTET2=DTHET 3.

WREFE  FHFLEMAZNERERBHIERT
% SJS/TEN BE 18l 2R E L, Fi-ICHREBFILE
BAZTMREHFB L A BRAFEREE 220 A 2B &
ULTHWE, R#mA, S5 DNA 4B L, polymerase
chain reaction-sequence specific oligonucleotide

9
probe (PCR-SSO) = # B\ T HLA class I-A, B, C
IKDOWTIEERINLANILOBFETY, EEFEE
(gene frequency : GF) & {R$5EEE (carrier frequen-
cy : CF) E5T L 7=,
£ OR:AT0206 FEEICEINL TV, plELET
DFHE L) S 5ICEF L7 (pEIE GF : p=0.000000007,
CF : p=0.0000000002, #+ v Xtki& GF : 4.2, CF :5.2).
i R RAMELEMES SJS/TEN OREICIE, BilE
DERE L V) X 5 (2 HLA class T A70206 »i2 < M8
32 ENHEREN S, (HIRSEE 116 : 581-587, 2012)

F—"77— K : HLA-A"0206, Stevens-Johnson fE1EEf
(SJS), FHMFRFIBEFEEE (TEN), R
SfHE, HLA

HL A-class I Gene Polymorphisms in Japanese Stevens-Johnson
Syndrome Patients with Ocular Surface Complications

Shinnosuke Nakaji’, Mayumi Ueta"?

, Chie Sotozono”, Tsutomu Inatomi’ and Shigeru Kinoshita”

Y Department of Ophthalmology, Kyoto Prefectural University of Medicine
2 Research Center for Inflammation and Regenerative Medicine, Faculty of Life and Medical Sciences, Doshisha University

Abstract

Purpose : Our previous study of polymorphisms in
the HLA-class I genes of 71 Japanese SJS/TEN
patieﬁts with ocular surface complications and 113
Japanese healthy controls showed that in the Japa-
nese, HLA-A*0206 was strongly associated with SJS/
TEN. In this study, we examined 118 Japanese SJS/
TEN patients with ocular surface complications and a
new control group consisting of 220 healthy Japanese
volunteers, and investigated the association between
HLA class I antigens, HLA-A, B, C, and the SJS/
TEN.

Methods : For HLA genotyping we enrolled 118
Japanese patients with SJS/TEN in the chronic or
sub-acute phase at Kyoto Prefectural University of
Medicine ; all presented with ocular surface compli-
cations. We also enrolled 220 healthy Japanese
volunteers. We performed polymerase chain reaction

amplification followed by hybridization with se-
quence-specific oligonucleotide probes (PCR-SSO).
Results : HLA-A 0206 was most strongly associat-
ed with Japanese SJS/TEN patients with ocular
surface complications (carrier frequency:p=
0.0000000002, OR=5.2 ; gene
0.000000007, OR=4.2).
Conclusion : HLA-A 0206 is strongly associated
with Japanese SJS/TEN patients with ocular surface
complications.
Nippon Ganka Gakkai Zasshi(J Jpn Ophthalmol Soc)
116 : 581-587, 2012.

frequency : p=

Key words : HLA-A*0206, Stevens-Johnson syndrome
(SJS), Toxic epidermal necrolysis
(TEN), Ocular surface complications,
HLA
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I # 5

Stevens Johnson JEWEAT (Stevens-Johnson syndrome
SIS), 7 b NIZFOTFER & S A0 5 Wit 22 R AL B
JiE (toxic epldermal necrolysis : TEN) &, & 12288k
EE L B K OHIE O3S, S ATHRE L, Bl
SEIHRT BERTH A HARTHE, HZEOI
10% LAF 7% SIS, EN Ll Lo B A 7286 TEN
WSS MBI EIEEE T <, AR 7S
FE LI - ThH SIS T %, TNE Ty 30% 3l
g, PEUAS 4, %lﬁ??{? Fesdi e TUL o T b,
SJS/TEN 2B B RE 4 ﬁf ~~~~~ G 60% & ENnY,
R38O M BLE [, & 5\ if O EHT &0 R
WREIEFE M A A U, PR IR ON S A, BEIRO S A pE
V(M a), IRHEPICIREE O S A% L U Tl L
?Fa M A 580642 &, MBI RPN & (9 2 #E TPk
BENCEEOAPEEDS, WERAZE) LWL D
(K b). ;((:f:“(%ﬁf% D K ORI IR B 8 E T &

D, WEDON T A, AERE X BB EE R
[Ny
SJIS/TEN D13 & A EVEFERERTIZAT & A DHEH] % £ 5-

EhThh, Tﬁ*iiﬁxrthﬁméﬂ@ FEIE
B IR TH 575, BEMORRDWE L EEZS
n, ZHETIZ, SJS/TEN DEERENE HLA 78 %]5‘?‘

BHEVA T EPRRESTWAYY . HLA BUZERKIC
BREWHKE L, RATHARANDOIREHHEZFED SIS/
TEN 71, JEFERE 113 # % ki L, HLA-A"0206
DEEIHE LTV S & & DENCmE L2, 5
125 < BS54 5 HLA BAHH S 2 U, SSEFH<
SHEGOMHE R BT REL 20 0, THRUGEIIHST5
ZEMNTES.

ZZCHM, REPHEZ D BHAN SIS/TEN HE 614
% 100 BID EICEERe L, 2 2RiE & 1382 o 7z HAR AR
HEH > 7 V% VT HLA class 1-A, B, C OfEWF %47
WIS BT R T B OTHRET 5.

I NHREITE

TARAT L ER R B R BRI B e 5 SJS/TEN
BE 18 Flaxtf e L, FllFmuERRETHR
NIEFIEHE 220 N L W R E B CHRILL /- iR 2 xR &
LTHWz, stHEIZDW T, §E QAT IV 7B
AR FMBEY > & —THRBLZbOEEEF 727
N—=TDLDTHA. KM 5 DNA ZFRILL, poly-
merase chain reaction-sequence specific oligonucleotide
probe (PCR-SSO) #1220 & HLA ¥ 1 ¥ 7338 Bk
B % v T, WAKFlow system {2 T HLA #1zF
DEAEY T %fT-7"", HLAclass 1-A, B, CizD
WCHREEELH L OV D FRAT A& TV, BIEFHEEE (gene fre-
quency) & BREEEHEFE (carrier frequency) % #ET L 7z,

HIREEE 16% 6%

Stevens-Johnson fE&EE (S]S) /hEMREIBIER

BRAE (TEN) ORFTR.

a : AYE SIS/TEN ORI R, #ElEAsim, A, £
BN S A, HERUSHARTED D,

b 18 SIS/TEN OIRFT R, M~ ORI A,
I % 35, TOREHT il\7474’6'5ﬂ
LT, Mu777&2AL A, IREZED
NPT AN

m # %

FKIIWCHLA class T-A BloERZRT. 118 ADE
BHEMRE LISBEIOMATICB T, FIEO 71 ADE
H xRS L2 RHT (PR HE - p=0.00004, #+ v X
4.1, BETHEE p=0.0001, v X 3.2 LE
(2 HLA-A™0206 &3 A B2 MBS HER S Lz
(R#EHE - p=0.0000000002, # v At 5.16. #fE
F4EE  p=0.000000007, # v XL 4.15).

F 72, HLA-A™1101 (R 4E  p=0.02, & v X1k
0.43. BIzTHE p=0.03, 4 v A 0.46) & HLA-
A*2402 (RFEHE - p=0.008, #+ v Xt 0.54, #fx
FHERE p=0.001, # v X 0.57)ICHHB % ER 7278,
HLA class I-ABIOH 1S THET 2 L AEEI R R
h, BBVWAHBZRIBT DA E R -7, HLA-A¥1101
2oV, FIEIOSBITCIE, BELICCSEHMETS
Z L WHEE SN, EBEE 71 A S 118 AZHE
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TR 24 4F6 F 10 H

Stevens-Johnson JEME#ED HLA class 1 - gt

583

1 HLA class 1-A OBZFIEE IR EEEE
REFEEE EETFHEE

LA SJS/TEN  IE& %R 1 SIS/TEN  FE%fHa i

alleles X AR o=} oz B AT AR D g oz
m=118) (=220 () FT7% GZa%)  (mewo) (o 2 TR

0101 0.0% 1.4% 0.20 — 0.0% 0.7% 0.20 —
0/118)  (3/220) (0/236)  (3/440)

0201 26.3%  20.5% 0.22 — 14.4%  11.1% 0.22 —
(31/118)  (45/220) (34/236)  (49/440)

0206 44.9%  13.6%  1.91x10"  5.16 23.3% 6.8%  7.14x10° 4.15
(53/118)  (30/220) (55/236)  (30/440)

0207 8.5% 7.7% 0.99 — 4.2% 3.9% 0.81 —
(10/118)  (17/220) (10/236)  (17/440)

0210 0.0% 0.9% 0.30 — 0.0% 0.5% 0.30 —
(0/118) (2/220) (0/236) (2/440)

0301 2.5% 0.9% 0.24 — 1.3% 0.5% 0.24 —
(3/118) (2/220) (3/236) (2/440)

0302 0.0% 0.5% 0.46 — 0.0% 0.2% 0.46 —
(0/118)  (1/220) (0/236)  (1/440)

1101 8.5%  17.7% 0.02 0.43 4.2% 8.9% 0.03 0.46
(10/118)  (39/220) (10/236)  (39/440)

0402 45.8%  60.9% 0.008 0.54 25.0%  37.0% 0.001 0.57
(54/118)  (134/220) (59/236)  (163/440)

*2601  11.0%  12.3% 0.73 — 5.5% 6.4% 0.66 —
(13/118)  (27/220) (13/236)  (28/440)

2602 5.1% 2.7% 0.26 — 2.5% 1.6% 0.39 —
(6/118) (6/220) (6/236) (7/440)

*2603  1.7% 7.3% 0.03 0.22 0.8% 3.6% 0.03 0.23
(2/118)  (16/220) (2/236)  (16/440)

2605  0.0% 0.5% 0.46 — 0.0% 0.2% 0.46 —
(0/118) (1/220) (0/236) (1/440)

#2901 0.0% 1.8% 0.14 — 0.0% 0.9% 0.14 —
(0/118)  (4/220) (0/236)  (4/440)

*3001  0.8% 0.5% 0.65 — 0.4% 0.2% 0.65 —
(1/118)  (1/220) (1/236)  (1/440)

3101 14.4%  18.1% 0.38 — 7.2% 9.5% 0.30 —
(17/118)  (40/220) (17/236)  (42/226)

3201 0.0% 0.5% 0.46 — 0.0% 0.2% 0.46 —
(0/118)  (1/220) (0/236)  (1/440)

3303 22.0%  14.1% 0.06 — 11.0% 7.0% 0.06 —
(26/118)  (31/220) (26/236)  (31/440)

RTIEITLY, FOMBIREE L.

# 212 HLA class I BEIDO#FEEZ/RY. HLA-B 1501
(REE4EE 1 p=0.02, #v A1t 0.43. BETHEE »
=0.05, F v At 0.50), HLA-B*"4403 (R&EHE - p
=0.004, v X 2.26 EETHEE p=0.004, v
X 2.14), HLA-B*5201 (fR¥FE#HE © p=0.01, & v
A 0.44. BETHE p=0.03, = v X 0.51) &
HLA-B*5401 (R EHE  p=0.01, #+ v X 0.36.
BIZFHEE p=0.01, v X 0.37) 1255V % 27
7275, HLA class I BRI 37 THIET AL AEE
FEELA. BRE LT, HLAclass I-B#icid, EE
HIREHFER S SIS/TEN L BEELRME2ZD LI D
3o 7z,

# 312 HLA class 1-C EfZTO#EREE/RY. HLACT

0304 (R¥FEFHE - p=0.01, 4 » XL 1.96. #B=T4H
JE:p=0.01, # v A 1.81), HLA-C*1403 ({48
Ep=0.005 +v X225 BEZFHEE: p=0.007,

F v X 2.06) 1255\ AHEE % B 7245, HLA class 1-C
Ao I8 THIET A LAEERITEE L. HRELT,
HLA class I-C®izit, EELRREMEL M SIS/
TEN L AELMEBEZzHD L LD a o7,

Vv £ %

AARANOIREFIEL D SJS/TEN BEH 118 A2 b
IXTHR 220 ADEITIZ L Y, IREBHEZ S SJS/TEN
DIFFECIE, HLA class I A®0206 2558 < AHEE 5 2 &
WHERRE L7z, BIEOEE 71 A, I 113 ADHEHT (£
HEMHEE p=0.00004, + v X4.1. BETHEHE
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581 HIRGEE 116% 6%
#F 2 HLA class 1-B ORI & RIFERE
. - BRI ‘ {5
alteles— SISTEN g =220 piiGe) Aozt PYTEN S Eggme-20 piGH 4o A
0702 8.5% (10/118) 11.0% (24/220) 0.48 - 4.2%(10/236) 6.6% (29/440) 0.21 -
0705 0.0% (0/118) 1.8% (4/220) 0.14 - 0.0% (0/236) 0.9% (4/440) 0.14 -
*1301 6.8% (8/118) 2.7% (6/220) 0.07 - 3.4% (8/236) 1.4% (6/440) 0.08 -
#1302 0.0% (0/118) 1.4% (3/220) 0.20 - 0.0% (0/236) 0.7% (3/440) 0.20 -
1501 8.5% (10/118) 17.79% (39/220) 0.02 0.43 4.7%(11/236) 8.9% (39/440) 0.05 0.50
1502 0.0% (0/118) 0.5% (1/220) 0.46 - 0.0% (0/236) 0.2% (1/440) 0.46 -
*1507 0.8% (1/118) 1.4% (3/220) 0.68 - 0.4% (1/236) 0.7% (3/440) 0.68 -
1511 0.0% (0/118) 0.5% (1/220) 0.46 - 0.0% (0/236) 0.2% (1/440) 0.46 -
1518 3.4% (4/118) 1.0% (2/220) 0.10 - 1.7% (4/236) 0.5% (2/440) 0.10 -
*1527 0.8% (1/118) 0.0% (0/220) 0.17 - 0.4% (1/236) 0.0% (0/440) 0.17 -
2704 0.8% (1/118) 0.5% (1/220) 0.65 - 0.4% (1/236) 0.2% (1/440) 0.65 -
2705 0.0% (0/118) 0.5% (1/220) 0.46 - 0.0% (0/236) 0.2% (1/440) 0.46 —
"3501  18.6%(22/118) 14.5% (32/220) 0.33 - 9.3% (22/236) 7.3% (32/440) 0.35 —
*3701 0.8% (1/118) 1.8% (4/220) 0.48 - 0.4% (1/236) 0.9% (4/440) 0.48 -
3802 0.0% (0/118) 0.5% (1/220) 0.46 - 0.0% (0/236) 0.2% (1/440) 0.46 -
3901 7.6% (9/118) 5.9% (13/220) 0.54 — 3.8% (9/236) 3.0% (13/440) 0.55 -
#3902 0.8% (1/118) 1.0% (2/220) 0.95 - 0.4% (1/236) 0.5% (2/440) 0.95 —
3904 0.0% (0/118) 1.0% (1/220) 0.46 - 0.0% (0/236) 0.2% (1/440) 0.46 —
4001 14.4%(17/118) 10.9% (24/220) 0.35 - 7.6% (18/236) 5.5% (24/440) 0.26 -
4002 12.7%(15/118) 9.5% (21/220) 0.37 - 6.8% (16/236) 5.2% (23/440) 0.41 -
4003 1.7% (2/118) 1.0% (2/220) 0.52 - 0.8% (2/236) 0.5% (2/440) 0.53 -
*4006 7.6% (9/118) 5.9% (13/220) 0.54 — 3.8% (9/236) 3.0% (13/440) 0.55 -
4402 0.8% (1/118) 1.8% (4/220) 0.48 - 0.4% (1/236) 0.9% (4/440) 0.48 —
*4403  26.3%(31/118) 13.6% (30/220) 0.004 2.26 13.6% (32/236) 6.8% (30/440) 0.004 2.14
4601 12.7%(15/118) 8.2% (18/220) 0.18 — 6.4% (15/236) 4.3% (19/440) 0.25 —
4801 4.2% (5/118) 8.2% (18/220) 0.17 — 2.1% (5/236) 4.1% (18/440) (.18 —
*5101  19.5%(23/118) 19.5% (43/220) 0.99 - 10.6% (25/236) 10.2% (45/440) 0.88 —
*5102 1.7% (2/118) 0.0% (0/220) 0.05 — 0.8% (2/236) 0.0% (0/440) 0.083 -
*5201  11.0%(13/118) 21.8% (48/220) 0.01 0.44 5.9% (14/236) 10.9% (48/440) 0.03 0.51
*5401 5.9% (7/118) 15.0% (33/220) 0.01 0.36 3.0% (7/236) 7.7% (34/440) 0.01 0.37
*5502 2.5% (3/118) 4.5% (10/220) 0.36 — 1.3% (3/236) 2.3%(10/440) 0.37 —
*5601 2.5% (3/118) 1.8% (4/220) 0.65 — 1.3% (3/236) 0.9% (4/440) 0.66 —
*5603 0.0% (0/118) 0.5% (1/220) 0.46 - 0.0% (0/236) 0.2% (1/440) 0.46 -
5801 2.5% (3/118) 1.8% (4/220) 0.66 — 1.3% (3/236) 0.9% (4/440) 0.66 -
*5901 7.6% (9/118) 4.5% (10/220) 0.24 — 3.8% (9/236) 2.39% (10/440) 0.25 —
*5904 0.8% (1/118) 0.0% (0/220) 0.17 - 0.4% (1/236) 0.0% (0/440) 0.17 —
6701 1.7% (2/118) 3.6% (8/220) 0.31 — 0.8% (2/236) 1.8% (8/440) 0.32 —

SJS/TEN @ HLA IO W T BT OME 2 IE D Ko
THDbE, 1982 4F 27 A1) H ADBERHE Mondino 5 7%,
72, 1986 4127 5 ¥ A AD K HEHHE Roujeau 5%,
HAD SIS £% Tik HLABI2 MER 2 HEIE R
T 5 EE L7, HLA-BI2 i, HAEOEETFH

=0.0001, F v XL3.2DMbH >y TVEERTI LI
L, BREFEFHEE TO p S 0.0000000002, # v X
5.16, &= T4EE T p AT 0.000000007, # v X
415k, SHICBMWHBEZHATELI LIEIRERE
IR,
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%} 3 HLA class 1-C OB{EFHEE CRIFEEE

L LR EETHEE
aleles  SJS/TEN IE#ME pl . o SIS/TEN EHME pfi
(h=118) (=220 () T77% GZose) (m=a0) (o TrAR
*0102 30.5% 34.5% 0.45 — 15.7% 18.6% 0.34 —
(36/118)  (76/220) (37/236) (82/440)
*0103 0.0% 0.5% 0.46 — 0.0% 0.2% 0.46 —
(0/118) (1/220) (0/236) (1/440)
*0302 2.5% 1.8% 0.66 — 1.3% 0.9% 0.66 —_
(3/118) (4/220) (3/236) (4/440)
*0303 2.3% 21.3% 0.75 — 11.4% 10.9% 0.83 —
(27/118) (47/220) (27/236) (48/440)
*0304 32.3% 19.5% 0.01 1.96 17.8% 10.7% 0.01 1.81
(38/118) (43/220) (42/236) (47/440)
#0401 8.5% 9.5% 0.75 — 4.2% 4.8% 0.75 —
(10/118)  (21/220) (10/236)  (21/440)
*0501 2.5% 1.8% 0.66 — 1.3% 0.9% 0.66 —
(3/118) (4/220) (3/236) (4/440)
*0602 0.8% 3.2% 0.18 — 0.4% 1.6% 0.18 —
(1/118) (7/220) (1/236) (7/440)
*0701 0.8% 0.0% 0.17 — 0.4% 0.0% 0.17 —
(1/118) (0/220) (1/236) (0/440)
*0702 18.6% 25.0% 0.18 — 10.6% 14.1% 0.20 —
(22/118) (55/220) (25/236) (62/440)
*0704 2.5% 0.0% 0.02 0 1.3% 0.0% 0.02 0
(3/118) (0/220) (3/236) (0/440)
*0801 8.5% 13.6% 0.16 — 4.2% 6.8% 0.18 —
(10/118) (30/220) (10/236) (30/440)
*0803 2.5% 3.6% 0.59 — 1.3% 1.8% 0.59 —
(3/118) (8/220) (3/236) (8/440)
*1202 11.9% 21.4% 0.03 0.50 6.4% 10.7% 0.06 —
(14/118) (47/220) (15/236) (47/440)
#1402 12.7% 14.1% 0.72 — 6.8% 7.5% 0.73 -_—
(15/118) (31/220) (16/236) (33/440)
#1403 25.4% 13.2% 0.005 2.25 12.7% 6.6% 0.007 2.06
(30/118) (29/220) (30/236) (29/440)
*1502 8.5% 5.9% 0.37 —_ 4.2% 3.0% 0.38 —
(10/118) (13/220) (10/236) (13/440)
*1505 0.0% 1.8% 0.14 —_ 0.0% 0.9% 0.14 —
(0/118) (4/220) (0/236) (4/440)

Tl HLA-B*4402 & HLA-B*4403 24Tz 5. L»
LdS 6 A O Tt HLA-B 4402 13 78T 1.8%,

BET0.8% LRFEEES LR, F-HELED R
o 7e. HLAB 4403 122w Tlid, XTE T 13.6%, B
ET26.3% OHEETHED2A, SJS/TEN S$4E & O
BIIfEEE SN o7z, T 72, 2004 4E1Z Chung 5 %,

HTCAPAEA VNS FY VIZE D REL-BED
SJS/TEN B#H Tix, 100% 75 HLA-B*1502 %#4#& L T
WALZ L HRMELS?, LA L, Lonjou Hlx, AAT
it HLA-B*1502 RAE EAEL, PN XY UV EIE
SJS/TEN B & HLAB 1502 (I 2 R hdo 7z
EHRELTWAY, HARATS HLAB1502 ##% L
TWAHBIZ LRI ENTHY, SJS/TEN DOEIE & FHR
BFRELWI EBRESNTVEY, L DEIFTD,

HLA-B*1502 i, S THTH 1FIRDDATH -
7o T, BEELRIRABEZMED SJS/TEN IZBWT
&, MTADPATEIZL BREIIREDL WY, 2005 4
IZ Hung 51, BREIMEETHLT7O 7)) — itk
) 3&9E L7z SJS/TEN B & HLA-B*5801 & OMIcAE
ZHEEPHLEHRELLY ZoTu Ty -k
HLA-B¥5801 & OB, BHATH”, BRATH #H
HINTwa, LarLl, SEEFLT5S]JS/TEN &
HEUNF DL TTETY) J—MIZEBRETHL TR I
Bichy, COEFASBREEEIBRETH /2. INb
DT EDL, Feld, TOTY =S X BERETIE,
BELREHERECICVWTREEZZEZTVS.
BREAIE, SIS/TENEFOSE 1L, LTAD»ASE
FoRTOT) - VICEBRETH DL EHEL T
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B UL Rk LA X s, IREESE 2 A 0F L iRt
A L BETEIUTADPALE, Ta 7)) /il L b
FEHENL A £, B AR D H VIEIEA o A B
1 BT 4% 4iE 38 (non-steroidal arm mﬂammatow drugs :
NSAIDs) % BRI FEIE L T s 70 TEN CHREE
EDRIEN L HIUL, Hml wagmm* R 7
SISHE@ S & 4. WEHE L E - SJS/TEN i, SIS/
TEN £k & /s Brp 2 — O REBIECld % 5J 37
L7l 7 0) — 2 0T L 4 3% 2
W

Fex QAT T, B IREOHE L RS SJS/TILN‘
BT, BRSBTS <
B LR o MIMIET S A, MMEPLIETH LY. =
NHOBFEDR 8 FNLEEFRAEIR xiMJJ HEL, %0
BACHFE G257 SIUTEEL, FEBAE LT a T,
SJS/TEN O SIERRIAM TH 205, o & &k
T D IRIE & IR &, SN S 2 A b A K,
FHEL, »'&0)?%:’"&““ S DB - o CHIREM, VR - 1T
JER, NER% B ET2METEL T EFZ LN
5.

HLA 7 7 2 W&, PiEH Az L TBh, T
MR 2 A L 22 S0 B K E < I#’J%‘wa 5. —*77,
HLA 75 A T, EREMEE&CIEIET~Tofldl
EWLTBY, 714V AHUE 5:4‘1:"]‘\’9"% R N O B/
AN ARG X9 B AR UG IS }i% <@%?‘Zg. 51S/
TEN OFFEF KL, HLA 79 A1 <, HLAZ
S5 A1 TdHhsHHLA-AT0206 VK & < %“L'C\HZQ &
1, FOIIEIT A N A S0 DFE T oMb - T
WATREMED B B v ) Tha o 2F T R SR
RTHLEZZLNS,

HLA BTS2 W OB T IREE, wlFRER KOS+
V7.
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Stevens-Johnson syndrome and toxic epidermal necrolysis (SJS/TEN) are
severe, cutaneous adverse drug reactions that are rare but life threatening.
Genetic biomarkers for allopurinol-related SJS/TEN in Japanese were
examined in a genome-wide association study in which Japanese patients
(n=14) were compared with ethnically matched healthy controls (n=991).
Associations between 890321 single nucleotide polymorphisms and
allopurinol-related SJS/TEN were analyzed by the Fisher's exact test
(dominant genotype mode). A total of 21 polymorphisms on chromosome
6 were significantly associated with allopurinol-related SJS/TEN. The
strongest association was found at rs2734583 in BATI1, rs3094011 in HCPS
and GA005234 in MICC (P=2.44 x 107%; odds ratio = 66.8; 95% confidence
interval, 19.8-225.0). 159263726 in PSORS1CI, also significantly associated
with allopurinol-related SJS/TEN, is in absolute linkage disequilibrium with
human leukocyte antigen-B*5801, which is in strong association with
allopurinol-induced SJS/TEN. The ease of typing rs9263726 makes it a useful
biomarker for allopurinol-related SJS/TEN in Japanese.

The Pharmacogenomics Journal (2013) 13, 60-69; doi:10.1038/tpj.2011.41;
published online 13 September 2011

Keywords: allopurinol; Stevens—Johnson syndrome; toxic epidermal necrolysis; human
lymphocyte antigen; single nucleotide polymorphism; genome-wide association study

Introduction

Allopurinol is a xanthine oxidase inhibitor that prevents the production of uric
acid to reduce plasma uric acid levels to a normal range. It is the most frequently
used anti-hyperuricemic agent in the world due to its long-term pharmacological
effect.’ However, allopurinol is also one of the most frequent causes of a variety
of delayed severe cutaneous adverse drug reactions (SCARs).? According to
spontaneous reports of severe adverse drug reactions to the Ministry of Health,
Labor, and Welfare of Japan, allopurinol-related SCARs accounted for about 11%
of all reported SCAR cases in Japan in 2008.? Allopurinol-related SCARs include
the drug-induced hypersensitivity syndrome, Stevens-Johnson syndrome (SJS)
and toxic epidermal necrolysis (TEN).* SJS/TEN are characterized by high fever,
malaise and rapid development of blistering exanthema, with macules and
target-like lesions, accompanied by mucosal involvement.® Even though the
incidence of SJS/TEN is extremely low, the mortality rate of TEN can be as high as
26%.> Therefore, SJS/TEN is a serious problem in allopurinol therapy, in spite of
the ideal anti-hyperuricemic effect of allopurinol.
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Although previous works have suggested that the devel-
opment of SJS/TEN depends on an immune mechanism
involving a drug-dependent cytotoxic cell response against
epidermal cells,>® the pathophysiology of SJS/TEN remains
largely unknown. Susceptibility to such idiosyncratic reac-
tions is thought to be genetically determined, and familial
predisposition to allopurinol-induced SJS/TEN has been
reported.® Therefore, the exploratory studies for genetic risk
factors related to SJS/TEN are needed. A strong association
has been observed between allopurinol-induced SCAR and
the human lymphocyte antigen (HLA) allele B variant (HLA-
B*5801) in the Han Chinese in Taiwan’ and in the Thai
population.® These studies showed that the HLA-B*5801
allele is present in all patients with allopurinol-induced
SCAR (51/51 of Han Chinese and 27/27 of Thai patients) and
in only 12-15% of tolerant patients (20/135 and 7/54,
respectively). The odds ratio (OR) was 580 (95% confidence
interval , 34-9781; P=4.7 x 10?*) for the Han-Chinese data’
and 348.3 (95% confidence interval, 19.2-6336.9;
P=1.61x10") for the Thai study.® Although the associa-
tion was confirmed in both Caucasian and Japanese
subjects,®!° the OR in the Han-Chinese and Thai popula-
tions were much higher than those in the Caucasian
(OR=80) and Japanese (OR=40) groups. These reports
indicated that HLA-B*5801 is the valid genetic biomarker
for allopurinol-induced SJS/TEN in various ethnic groups,
but the mechanisms by which HLA-B*5801 is specifically
involved in allopurinol-induced SJS/TEN progression and
the strength of the association showed ethnic differences are
unknown.

Currently, genotyping by high-density array scanning of
the whole genome allows discovery of previously unsus-
pected genetic risk factors that influence the pathogenesis of
serious adverse drug reactions.’’™'* Genome-wide associa-
tion studies (GWASs) provide opportunities to uncover
polymorphisms that influence susceptibility to allopurinol-
induced SJS/TEN free of mechanistic hypotheses. Therefore,
in addition to HLA-B typing as shown in our previous
study,’® we further conducted a retrospective pharmaco-
genetic case-control study using whole-genome single
nucleotide polymorphism (SNP) data from high-density
DNA microarrays in order to identify new and effective
genetic biomarkers for allopurinol-related SJS/TEN in
Japanese patients.

Materials and methods

Recruitment of study subjects

A total of 141 Japanese SJS/TEN patients from unrelated
families were recruited from July 2006 to April 2010 from
participating institutes of the Japan Severe Adverse Reac-
tions (JSAR) research group and through a nationwide
blood-sampling network system in Japan for SJS/TEN onset
patients, operated by the National Institute of Health
Sciences.'® In all, 121 of these patients were diagnosed as
defined SJS or TEN by JSAR research group’s dermatological
experts based on diagnostic criteria* that are currently used
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in Japan. Information was collected using a standardized
case report form that includes medical records, co-admini-
strated drug records, disease progress and involvement of
systemic complications, as well as SJS/TEN treatment.
Among the 141 SJS/TEN patients, 20 were diagnosed as
probable SJS due to atypical or mild symptoms. TEN and SJS
were defined as mucocutaneous disorders characterized by
extensive erythema, blisters, epidermal detachment, ero-
sions, enanthema and high fever. SJS was defined as skin
detachment of 10% or less of the body surface area, and TEN
as skin detachment of more than 10%, excluding staphylo-
coccal scaled skin syndrome.® In all enrolled cases defined as
SJS or TEN, allopurinol was regarded as the drug responsible
for SJS or TEN if the onset of SJS/TEN symptoms occurred
within the first 2 months of allopurinol exposure. For the
retrospective pharmacogenetic case—control study, 991
healthy, ethnically matched subjects in the Tokyo metro-
politan area were used as the control group. Healthy subjects
were used as the control group instead of allopurinol-
tolerant patients because the incidence of SJS/TEN is
extremely low (0.4-6 per million per year).?

The ethics committees of the National Institute of Health
Sciences, each participating institute of the JSAR research
group and the Japan Pharmacogenomics Data Science
Consortium (JPDSC) approved this study. Written informed
consent was obtained from all cases and ethnically matched
controls.

Whole-genome genotyping of SNPs

Genome-wide genotyping of the 14 allopurinol-related SJS/
TEN patients and 991 ethnically matched controls was
conducted using the Illumina Human 1M-Duo BeadChip
(Mumina, San Diego, CA, USA), which contained 1163218
SNPs. SNPs were discarded from case-control association
analysis if they exhibited a minor allele frequency <0.001 in
the control group (237 890 SNPs), a call rate <0.95 for each
SNP (32 640 SNPs) or a P-value <0.001 in the test of Hardy-
Weinberg equilibrium among controls (2368 SNPs). These
quality control steps removed a total of 272897 SNPs. All
samples had a call rate for each microarray above 0.99.
Sample duplicates and hidden relatedness were investigated
on the basis of pairwise identity-by-state analysis via
PLINK;'* however, there was no duplicate or hidden
relatedness in the samples. This quality-control procedure
ensured reliable genotyping data.

HLA genotyping and TagMan genotyping of SNPs on chromosome 6
HLA A, B and Cw types were determined using sequencing-
based methods, as described previously.’® Representative
SNPs of 6p21 (rs2734583, 153099844, 159263726 and
1s3131643) were re-genotyped using TagMan SNP Geno-
typing Assays (Life Technologies, Carlsbad, CA, USA)
(ID; C_27465749_10, C__27455402_10, C__30352071_10,
C__26778946_20) according to the manufacturer’s instruc-
tion using Sng of genomic DNA. We did not genotype
1s9267445 and 151634776 because TagMan SNP genotyping
assays for these SNPs were not available. Measurement of the
linkage disequilibrium (LD) coefficient was performed using
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the HLA types and 6p21 SNPs of the 141 Japanese SJS/TEN
cases and an additional 65 Japanese individuals (non-SJS/
TEN patients). The LD coefficient was calculated as pre-
viously described.'*'®

Association analysis

Genome-wide SNPs data from allopurinol-related SJS/TEN
cases and ethnically matched controls were used for
association analysis using the Fisher’s exact test based on
the dominant genotype mode and minor allele frequencies
of each SNP. Because there are no homozygotes of minor
alleles of SNPs, which have significantly related to allopur-
inol-related SJS/TEN except rs3099844 and rs3131643 in
‘Case group’, other association analysis models such as trend
test (Cochran-Armitage analysis) or recessive model analysis
were not applied in this study. All association analyses were
carried out with PLINK.'* P-values were corrected for
multiple testing according to the Bonferroni’s correction.
P-values <5.62 x 107% were regarded as statistically signifi-
cant.

Results

Characteristics of study subjects

A total of 14 allopurinol-treated Japanese patients, who were
diagnosed with definite SJS/TEN were recruited for the
whole-genome association study (IDs 1-14 in Table 1).
Patients, IDs 1, 2, 3, 9, 10, 13 and 14 were reported in our
previous paper.'® After the GWAS, an additional four
allopurinol-treated Japanese SJS/TEN patients were recruited
for HLA typing (IDs 15-18). Therefore, a total of 18
allopurinol-treated Japanese SJS/TEN patients participated
in the study (Table 1). In all, 12 of 18 patients were male and
6 were female, and the average age was 72.3+10.0
(mean £s.d.) years. In all, 12 of 18 cases showed systemic
complications of liver and/or renal dysfunction, and most
patients had high fever. The average period of SJS/TEN onset
after allopurinol treatment was 21.7+11.9 days. Drug-
induced lymphocyte stimulation tests were examined in
13 of 18 patients to determine the causative agent; however,
in these tests, only two cases (IDs 1 and 5) were positive for
allopurinol and only one (ID 16) was positive for oxipurinol,
a metabolite of allopurinol. The patient (ID 1) who was
positive for the drug-induced lymphocyte stimulation test
for allopurinol was also positive for other co-administrated
drugs (Table 1). On the other hand, patients who received a
patch test showed positive reactions for allopurinol
although only two patients were examined (ID 4, 10). The
patient who was patch test positive for allopurinol (ID 4)
was also patch test positive for other co-administrated drugs
(Table 1). Four patients (ID 1, 2, 4 and 14) were co-
administrated non-steroidal anti-inflammatory drugs, four
(ID 7, 8, 11 and 15) were co-administrated angiotensin II
receptor antagonists and three (ID 4, 7 and 17) were co-
administrated statin anti-hyperlipemic agents.
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Whole-genome association study of major determinants for
allopurinol-related SJS/TEN

A total of 14 allopurinol-related SJS/TEN patients (IDs 1-14),
who were diagnosed with definite SJS/TEN, and 991
ethnically matched controls, were genotyped with the use
of the [lumina Human IM-Duo BeadChip containing
1163218 SNPs. A series of quality-control steps resulted in
the elimination of 272897 polymorphisms. For each SNP,
Fisher’s exact tests were performed to compare the domi-
nant genotype distributions and minor allelic frequencies in
the allopurinol-related SJS/TEN patients (the case group)
versus those in the ethnically matched healthy control
group. The resulting P-values were adjusted with the
Bonferroni’s correction (P<5.62 % 107%). The distribution
of P-values from the Fisher’s exact tests (dominant genotype
mode) along each chromosome indicated that 21 SNPs were
significantly associated with the cases, all of which were
located on the chromosome 6: 6p21.3, 6p22.1 and 6p21.1
(Figures 1a and b). The quantile-quantile (Q-Q) plot for the
distribution of P-values showed that observed P-values
matched the expected P-values over the range of
0<~logio(p) < 4.0 (Figure 2). A departure was observed at
the extreme tail (—logio(p) >4.0) of the distribution of test
statistics for the allopurinol-related Japanese SJS/TEN,
suggesting that the identified associations are likely due to
true variants rather than potential biases such as genotyping
error. These SNPs, with their associated genes, are described
in Table 2. As is observed in all SNPs in Table 2, minor allele
frequencies in the controls were quite small, ranging around
0.5-0.6%. The genotypic distributions of the case and
control groups are identical among groups with the same
P-value, suggesting that these SNPs might be linked. These
SNPs also have ORs that are much higher than the ORs of
SNPs commonly observed in sporadic cancer and other
complex diseases, suggesting they are of higher penetrance.
For example, the most significant SNPs (152734583,
1s3094011 and GAO005234) had an OR of 66.8 (95%
confidence interval, 19.8-225.0), and the twentieth most
significant SNPs (1s9263827 and rs1634776) had an OR of
60.9 (95% confidence interval, 18.3-202.5). Most SNPs in
Table 2 are associated with known or predicted genes; of
these, 13 are in known genes. Three SNPs (1517190526,
189263726 and 1s2233945) were found in PSORSICI (psor-
iasis susceptibility 1 candidate 1), which is considered as one
of the potential psoriasis genes.'”™° The CCHCRI (coiled
coil o helical rod protein 1), which is a regulator of
keratinocyte proliferation or differentiation and is over-
expressed in Kkeratinocytes in psoriatic lesions,?*-2® con-
tained four SNPs (rs9263745, rs130077, 1rs9263781 and
159263785). HCP5 (HLA complex P5), which is involved in
hypersensitivity to abacavir,>*2¢ had three SNPs (rs3094011,
1s3099844 and rs31431643). TCF19 (transcription factor 19),
which is a potential trans-activating factor that might play
an important role in the transcription of genes required for
the later stages of cell cycle progression,®” contained two
SNPs (159263794 and rs10448701). Two SNPs (159263796
and rs9263800) were also found in POUSFI (POU class 5
homeobox; alternative names for Oct4). BATI (HLA-B
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Table 1

Summary of clinical characteristics of Japanese patients with allopurinol-related Stevens—Johnson syndrome or toxic epidermal necrolysis

Co-administered drugs

Patient ADR Sex/age Highest Total area Systemic DLST to Period of onset Drug name DLST result/period
D? type (vears) BT (“C) of blistering complications allopurinol (PT) (days) by allopurinol of onset
skin (%)
1 Sjs F/53 38.1 0.5 liver dysfunction + 26 loxoprofen +/9 days
renal dysfunction clarithromycin +/26 days
2 TEN M/58 37.1 15 neutropenia - ca 10 days loxoprofen —/1 day
liver dysfunction levofloxacin —/1 day
3 SIS M/77 unknown unknown none not tested 16 none
4 TEN F/72 >37 20 none —(PT+) 16 pitavastatin —/16 days
lansoprazole —/179 days
salicylamide, —(PT+)/8 days
acetaminophen,
caffeine,
promethazine,
methylenedisalicylate
serrapeptase —/1 day
loxoprofen —/8 days
acetaminophen (PT+)/8 days
5 TEN M/82 39 35 none + 52 none
6 NN M/67 1 1 liver dysfunction not tested 14 none
7 NN M/76 38.8 unknown Gl tract disturbance not tested <26 days losartan not tested/8 days
liver dysfunction furosemide not tested/3 days
renal dysfunction carbon not tested/7 days
atorvastatin not tested/8 days
8 SJS M/83 >38 10 renal dysfunction - 20 amlodipine not tested/very long
olmesartan medoxomil not tested/very long
9 TEN M/75 >38 20 neutropenia - 6 none
liver dysfunction
renal dysfunction
10 NN M/75 38.4 6 neutropenia ~(PT+) 14 none
liver dysfunction
renal dysfunction
11 SJS M/74 37.8 8 neutropenia - 38 cefazolin not tested/1 day
liver dysfunction Furosemide not tested/53 day
renal dysfunction Sodium polystyrene not tested/51 day
sulfonate
olmesartan medoxomil not tested/59 day
12 SJS M/67 38.9 2 liver dysfunction not tested 17 none
13 NN F/81 39.2 0.5 renal dysfunction — 28 spironolactone —/24 days
14 NN M/83 39 0 respiratory involvement - 29 diclofenac —/1 day
15 TEN F/73 38 10 liver dysfunction - 27 valsartan —/18 days
renal dysfunction epoetin B —/2 days
16 SIS M/53 40 5 liver dysfunction —(oxipurinol +) 19 none
17 SJS F/86 38 0 liver dysfunction - 30 rosuvastatin —/43 days
renal dysfunction
18 TEN F/66 37.8 15 none not tested 2 none

Abbreviations: ADR, adverse drug reaction; BT, body temperature; DLST; drug-induced lymphocyte stimulation test; F, female; M, male; PT, patch test; SJS, Stevens—johnson syndrome; TEN, toxic epidermal

necrolysis.

2Patients ID 1-14 were applied for whole genome analysis. ID 1-18 were for the HLA typing and the analysis of linkage disequilibrium.
Patients IDs 1, 2, 3, 9, 10, 13, and 14 were reported in our previous paper.'®
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Figure 1

Genome-wide association study of allopurinol-related Stevens-Johnson syndrome or toxic epidermal necrolysis. Each dot represents a

single nucleotide polymorphism (SNP). The x axis: the position of the SNP on chromosomes. The y axis: the —log;o of Fisher's exact test P-values
(dominant genotype mode) of the SNP in the case~control association study. SNPs with P-values <5.62 x 10~* are highlighted in red. (a) Whole

genome. (b) Chromosome 6.
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Figure 2 Quantile-quantile plot of Fisher’s exact test statistics obtained
from the genome-wide association study for allopurinol-related Ste-
vens-johnson syndrome or toxic epidermal necrolysis under dominant
genotype mode. The solid red line represents the null model where
observed Fisher’s exact test values match the expected values. The dots
represent observed versus the expected values from the case-control
study.

associated transcript 1) and PSORSIC3 each carried one SNP
(rs2734583 and 1s9263827). The SNPs, 151634776 and
154084090, were located in more than 10kb away from the
HLA-B and HLA-C genes, respectively. Two pseudo genes,
MICC (major histocompatibility complex class I poly-
peptide-related sequence) and PPIAPY (peptidylprolyl iso-
merase A (cyclophilin A) pseudogene 9), had one SNP
each (GA005234 and 1s926744S5). Previous report using
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Han-Chinese patients with allopurinol-induced SCAR indi-
cated 1s3117583 of BAT3, 151150793 of MSH5 and 152855804
of MICB, which are located in HLA region, showed
significant P-values (P<1x1077).” In this study using
Japanese patients, both rs3117583 and 1s1150793 showed
P=6.34 %1077 (allele frequency mode) and P=6.14x 107
(dominant genotype mode). There was no data of rs2855804
in the Hlumina Human 1M-Duo BeadChip.

HLA types of allopurinol-related SJS/TEN patients

Classical class I HLA types (A, B and Cw) of allopurinol-
related SJS/TEN patients were determined because the HLA-
B*5801 type is associated with allopurinol-related SCARs in
Han Chinese,” Caucasians® and Japanese'® (Table 3). In this
analysis, four patients with allopurinol-related SJS/TEN (IDs
15-18), who were recruited after BeadChip analysis, joined
the case group (total of 18 allopurinol-related SJS/TEN
patients). Eight cases of HLA-A*3303 (allele frequency=
22.2%), 10 cases of HLA-B*5801 (allele frequency=27.8%)
and 10 cases of HLA-Cw*0302 (allele frequency=27.8%)
were found in 18 allopurinol-related SJS/TEN patients
(Table 3). By comparison, the allelic frequencies of HLA-
A*3303, HLA-B*5801 and HLA-Cw*0302 were 7.9%, 0.6%
and 0%, respectively in Japanese general population
(Tables 4a-c). The OR of HLA-A*3303 was calculated as
3.32 (Table 4a). The OR of HLA-B*5801 was calculated as
62.8 (Table 4b), which was a little larger than the previously
reported OR in Japanese patients.'® HLA-Cw*0302 also
showed significant association with allopurinol-related
SJS/TEN (Table 4c). HLA-A*3303 and HLA-Cw*0302 are in
LD with HLA-B*5801 in the Japanese although the general
frequency of HLA-A*3303 is higher than other two
types. Other HLA-A, B and Cw types, which were not listed
in Tables 4a-c, showed very low frequencies in the general
Japanese population, or were not found in 18 allopurinol-
related SJS/TEN patients.
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