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expression of IxB{ and IL-1a genes may play an important
role in the pathophysiology of SJS.!

While SJS can be induced by specific drugs, not all indi-
viduals treated with those drugs develop SJS. As the inci-
dence of SJSis very low,we suspected a genetic predisposition
and performed a single-nucleotide polymorphism (SNP)
association analysis using candidate genes associated with
innate immunity, apoptosis, or allergy.

We found that the TLR3 SNP rs.3775296" and the IL-4R
SNP rs.1801275 (GIn551Arg)"® were both strongly associ-
ated (P < 0.0005), that the FasL SNP r5.3830150 was mildly
associated (P < 0.005),"” and that the IL-13 SNP rs.20541
(Argl110GIn)"™ and the IxkB{ SNP rs.595788' were weakly
associated (P < 0.05) with SJIS/TEN with ocular surface
complications. On the basis of the considerations presented
here, we suggest that viral infection or drugs may trigger a
disorder in the host innate immune response and that the
triggering event is followed by aggravated inflammation of
the mucosa, ocular surface, and skin.
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197

Figure 2. A Kinetic monitoring
of the inflammatory phenotype in
the eyes and perioral skin of
1kB{~/- mice. Photographs show
the face and perioral skin of
IxB{~/- mice. a, e, at 3 weeks of
age (before onset); i, f, at 9 weeks
of age (4 weeks postonset); ¢, g, at
13 weeks of age (8 weeks poston-
set); d, h, at 15 weeks of age (10
weeks postonset). B Histological
analysis of the perioral skin of
IkB{~/— mice. The perioral skin
of 6-week-old IkB{+/- (a, ¢) and
1xB{~/- (b, d) mice 2 weeks after
symptom onset. Enlargements of
the boxed lesions in a and b are
shown in ¢ and d. H&E stains.
Each bar represents a length of
200 um. C Histological analysis of
eyelids of IxkB{—/— mice. The
eyelids of 6-week-old IkB{+/—
(e, g) and IxkB{~/- (f, h) mice 2
weeks after symptom onset. H &
E- (e, f) and PAS periodic acid-
Schiff (g, h) stains. Each bar
represents a length of 200pm
(modified with permission from
Ueta et al.™).

IBC(-)

In summary, we posit the possibility of an association
between disordered innate immunity and ocular surface
inflammation.
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Abstract: This review addresses three subjects: the innate immunity of the
ocular surface epithelium, innate immunity and ocular surface inflamma-
tion, and Stevens-Johnson syndrome (SJS) and abnormality of innatc
immunity. In innatc immunity of the ocular surface epithelium, ocular
surface epithelial cells respond seclectively to microbial components and
induce limited inflammation, whereas immune-competent cells such as
macrophages can recognize various microbial componcnts through Toll-
like receptors (TLRs) and induce inflammation to exclude the microbes.
The difference between macrophages and ocular surface epithelial cells
may be caused by the dissimilarity in the degree of coexistence with
commensal bacteria. The unique innate immune response of ocular surface
epithelium might contribute to coexistence with commensal bacteria. In
innate immunity and ocular surface inflammation, we speculate that an
abnormality in the proper innate immunity of the ocular surface may result
in ocular surface inflammation. Qur investigation shows that TLR3 posi-
tively regulates the late-phase reaction of experimental allergic conjuncti-
vitis. which causes reduced eosinophilic conjunctival inflammation in
TLR3KO (knockout) mice and pronounced cosinophilic conjunctival in-
flammation in TLR3Tg mice. We also demonstrate that human ocular
surface epithelial cells can be induced to express many transcripts, includ-
ing antiviral innate immune response-related genes and allergy-related
genes, through polyl:C stimulation. Furthermore, we show that 1kB{ KO
mice exhibit severe, spontaneous ocular surface inflammation accompanied
by the eventual loss of almost all goblet cells and spontaneous perioral
inflammation. 1xB{ is induced by diverse pathogen-associated molecular
pattemns and regulates nuclear factor-«B activity, possibly to prevent
excessive inflammation in the presence of bacterial components. The
spontancous ocular surface inflammation observed in IkB{ KO mice
suggested that dysfunction/abnormality of innate immunity can play a role
in ocular surface inflammation. In SJS and abnormality of innate immunity.
we considered the possibility that there may be an association between SJS
and a disordered innate immune response. In gene expression analysis of
CDI14* cells, we found that JL4R gene expression was different in paticnts
with SJS/toxic epidermal necrolysis (TEN) and controls on lipopolysac-
charide stimulation, being downregulated in patients with SJIS/TEN and
slightly upregulated in the controls. The expression of IxBZ- and interleu-
kin (IL)-la-specific mRNA in patients with SIS/TEN was lower than in
normal controls after 1-hour culture. Although SIS/TEN can be induced by
drugs, not all individuals treated with these drugs developed SJS/TEN.
Because the incidence of SIS/TEN is very low, we suspected a genctic
predisposition and performed single-nucleotide polymorphism (SNP) as-
sociation analysis using candidate genes associated with innate immunity.
apoptosis, or allergy. We found that TLR3 SNP rs.3775296 and /L4R SNP
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rs. 1801275 (GIn551Arg) were strongly associated (£<0.0005) with SIS/
TEN with ocular surface complications, FasL rs.3830150 SNP was mildly
associated (P<0.005), and IL13 rs.20541 (Argll10GlIn) and IxBZ SNP
rs.595788G/A cxhibited a weak association (P<0.05). Genetic and envi-
ronmental faclors may play a role in an integrated cause of SIS, and there
is the possibility of an association between SJS and a disordered innate
immunity.

Key Words: Innate immunity—Ocular surface—Epithelium—Toll-like
receptors—Stevens-Johnson Syndrome

(Eye & Comtact Lens 2010;5: 000~-000)

INNATE IMMUNITY OF OCULAR SURFACE
EPITHELIUM

The ocular surface epithelium not only forms a physical barrier
against the external environment but also serves a critical function
as the defensive front line of the innate immune system. The ocular
surface manifests many nonspecific defense mechanisms against
microbes, c.g., lysozyme, lactoferrin, IgA in tear fluids, and all
isoforms of human beta-defensins found in the ocular surface
epithelium. Furthermore, ocular surface epithelium can produce
inflammatory cytokines such as interleukin (IL)-6, IL-8, IL-le,
and tumor necrosis factor-a. Therefore, ocular surface epithelium
can theoretically respond to various pathogens, resulting in inflam-
mation. On the other hand, an exaggerated host defense reaction to
endogenous bacterial flora may initiate and perpetuate inflamma-
tory mucosal responses, although the detection of microbes is
arguably the most important task of the immune system. There are
commensal bacteria on the ocular surface and other mucosa. When
we harvested commensal bacteria from the conjunctival sacs of 42
healthy volunteers, Staphylococcus epidermidis bacteria were iso-
lated from 45% of the voluntecrs and Propionibacterium acnes
bacteria from 31%.! Although the ocular surface epithelium is in
constant contact with bacteria and bacterial products, the healthy
ocular surface is not inflammatory.

Innate immunity, the early host defense against microbes, is
primarily studied in host immune-competent cells such as macro-
phages. The ability of cells to recognize pathogen-associated
molecular patterns (PAMPs) depends on the expression of a family
of Toll-like receptors (TLRs).2 Macrophages recognize and phago-
cytose microbes such as bacteria and produce inflammatory cyto-
kines and chemokines, thus resulting in inflammation. These cells
also activate adaptive immunity. However, it is now clear that the
innate immunity of the mucosa in contact with commensal bacteria
differs from conventional innate immunity (Fig. 1).* The ocular
surface is one of the mucosa that is in contact with commensal
bacteria. The ocular surface epithelium neither usually respond to
resident comimensal bacteria nor induce inflammation under

— 139 —



| baltb/zap-clao/zqp-clao/zqp00510/zqp2609-10z | xppws | S=1 | 7/8/10 | 5:27 | 4/Color Figure(s): F1-2,F5-9,F11,F13-14 | Art: ICL200416 | Input-rp |

A Ueta and S, Kinoshitg Eye & Contactr Lens  Volume 36, Number 3, September 2010

The TLRs are important molecules associated with innate im-
munity, and the first line of defense against infection comprises
evolutionarily conserved sets of TLR molecules. The triggering of
TLRs results in the secretion of proinflammatory cyiokines and
interferon (IFN)-«/f3. For example, TLR2 recognizes lipoprowin
or peptidoglycan, identifies components of the gram-positive bac-
terial cell wall, and forms a heterodimer with TLR1 or TLRé;
TLR3 also recognizes viral double-strand (ds) RNA. The TLR4
recognizes lipopolysaccharide (LPS), a compoenent of the gram-
negative bacterial cell wall: TLRS recognizes flagellin, a compo-
nent of bacterial flagella: TLR7 and TLRS recognize viral single-
stranded RNA, and TLRY recognizes bacterial or viral CpG DNA
(Fig. 2). F2

Our study aimed to determine whether the human ocular surface
epithelium expresses speeific mRNA for TLRs | w0 10, The results
revealed that TLR1- to 10-specific mRNA expression was present
in human conjunctival epithelium and TLR1- to 7- and TLRY- and
TLRI10-specific mRNA was found in human corneal epithelium

- Produdtion »f evtelines
Baderia

Mucosalinnate immunity (Fig, 3).4.57.8 .
FIG. 1. Mucosal innate immunity with the presence of commensal The TLR3 recognizes the viral dsRNA synthesized by almost all
bacteria seems to be different from conventional innate immunity. viruses at the time of duplication. Because polvi:C mimics viral

Conventional innate immunity: macrophages recognize and phagocy-

tose microbes such as bacteria and produce inflammatory cytokines and dsRNA, we wsed it in our expeniments, \.\"c stimulated human
chemokines, thus resulting in inflammation. Mucosal innate immunity: peripheral mononuclear cells (HPMC), primary human corneal
mucosal epithelium neither usually respond to resident commensal epithelial cells (PHCEC). and primary human conjunctival epithe-
bacteria nor induce inflammation under normal conditions. lial cells (PHCIEC) with polylC, the ligand of TLR3. In the

nonmal conditions. Therefore, we speculate that the ocular surface primary human ocular surface epithelial cells. PHCEC and PH-
harbors unique innate immune mechanisms to regulate inflamma- CiEC. but not in HPMC. stimulation with poly:C significantly
tion induced by microbes.s-¢ induced the sccretion of IL-6 and IL-§ (Fig. 4A)%>% These 4

w
54
an

lipoprof ein

FIG. 2. Function of TLRs. The triggering of TLRs
results in the secretion of proinflammatory cytokines
and interferon «/p.

degradafion
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Innate Immunity and Ocular Surface Inflammation
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FIG. 3. Human ocular surface epithelium expresses TLR-specific
mRNA. TLR1- to 10-specific mRNA expression was present in human
conjunctival epzthe!um and TLR1- to 7- and TLRY- and 10-specific
mRNA was found in human corneal epithelium. The pcsmvc control
(P) was human mononuclear cells. (Reprinted with permission from
Ueta.”)

findings were confirmed at the mRNA expression level: in PHCEC
and PHCIEC, but not in HPMC, polyl:C stimulation resulted in the
increased expression of 1L-6- and IL-8-specific mRNA (Fig.
4B).55% Beeause IFN- is controlled by TLR3 signaling, IFN-$-
specific mRNA was significantly increased in polyl:C-stimulated
cells: its expression was markedly higher in PHCEC than in
PHCJEC or HPMC (Fig. 4C).+*# Interestingly. TLR3 is expressed
on the cell surface of PHCEC.S PHCIEC,® endothelial cells,® and
fibroblasts.’ In dendritic cells. TLR3 is reportedly localized to
endosomes.’?

The LPS, a TLR4 ligand, is present in the cell walls of gram-
negative bacteria. Although LPS stimulation significantly iv-
creased the production of 1L-6 and IL-8 in HPMC, it failed 10
induce the production of inflammatory cytokines such as 1L-6 and
IL-8 in the human ccular surface epithelial cells. PHCEC, and
PHCJEC (Fig. 3).% ¢ Monocytes. but not PHCEC, can phagocytose
LPS. We used the transfection agent DOTAP to force the intra-
cellular introduction of LPS into PHCEC. However. even in the
presence of LPS in the cytoplasm of PHCEC, they did not respond
to LPS stimulation.®

The TLRS recognizes flagellin. the bacterial flagella protem.
Flagella are primarily present on gram-negative bacteria. Ocular
surface-related bacteria with flagella include pathogenic Pseudo-
monas aeruginosa and nonpathogenic Bacillus subtilis. We stim-

ulated HPMC, PHC{ C. and PHCJEC with different flagelling and
TLRS lw’\ ds: we used flagellin from P. geruginosa and from 5.
subtilis. &1»0 used flagellin from Salmonella n;u’nmzumm
which is an intestinal but not an ocular pathogen. In HPMC, all

& 2010 Lippincot Wiiliams & Wilkins

flageltin sthmulation significantly increased the production of IL-6
and TL-8§.3722 On the other hand. in PHCEC and PHCEC, only
flagellin derived from the ocular pathogen P. weruginosa sig-
nificantly induced the seerction of IL-6 and [L-8 and not
flagellin derived from ocular mnpa{} ogenic B, subuilis and
intestinal pathogenic S, nphinurium 45732 We confirmed these
findings at the mRNA e¢xpression Eevcl. In PHCEC and
PHCIEC. only ocular pathogenic 7. aeruginosa-derived flagel-
lin resulted in a significant increase in the expression of 1L-6-
and 1L-8-specific mRNASSTI2 Interestingly, P aeruginosa-
and S nphimuriem-derived flagellin exhibit identical potency
in inducing IL-% protein production by cells from the human
intestinal epithelial cell line HT29 (Fig, SAL?
ar immunohistochemical studies showed that TLR3 and TLR4

proteins were lacated in cclls from the basal to the superficial layer
of the corneal and conjunctival {:pnhtlmﬁ * The TLRS proteins
were present only at basal and wing sites, indicating a spatially
selective prcscn;e on the basolateral bm not the apical side
(Fig. 3B).+5712 Ocular surface epithelial cells respond to the
flagellin derived from ocular pathogenic bacteria through TLRS
to produce inflammatory eytokines. However, superficial ocular
surface epithelial cells do not express TLRS. Therefore. it is
reasonable to speculate that TLRS of ocular surface epithelium
is not functional on a healthy ocular surface free of epithelial
defects (Fig. 3C).85712

Immune-competent cells such as macrophages do recognize
various microbial compenents via TLRs, induce inflammation and
then exclude microbes. whereas ocular surfuce epithelial cells
selectively respond to microbial components and induce limited
inflammation. This difference in the action of macrophages and
ocular surface epithelial cells may be caused by dissimilarities in
their cocxistence with commensal bacteria. Thus, the unique innate
immune response of the ocular surface epithelium may contribute
10 its cocxistence with commensal bacteria (Fig. 6357

INNATE IMMUNITY AND OCULAR SURFACE

INFLAMMATION

Furthermore, we also speculate that an abnormality in the proper
innate immunity of the ocular surface may result in ocular surface
inflammation because inflammatory bowel discase is thought to
result from an abnormal response to the gut microbiota,

TLR3 and Allergy

The TLRs are well-known key receptors of the innate immune
system. The TLR3 recognizes dsRNA, a component of the life
mimicking polyl:C.** The TLR3 is ex-
epithelium and more

cyele of most viruses,
pressed most intensely in ocular surface
intenscly than mononuclear cells. 55

Although a relationship between viral infection and aliergic
inflanymation has been reported, the function of TLR3 in allergic
inflammation remains to be defined. Allergic conjunctivitis is an
nflammation associated with type | hypersensitivity
reactions; the degree of cosinophil infiliration in the conjunctiva
reflects the degree of its late-phase reaction. Using our murine
nodel of experimental allergic conjunctivitis (EAC) (Fig. 7A)H
and TLR3 knockout (KO3 and TLR3 rransgenic (Tg) mice
(TLR3KO and TLR3Tg. respectively). we have directly assessed
the role of TLR3 in conjunctival cosinophil infiltration.

ocular surface i
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FIG. 4. Responsiveness against poly!:C, the TLR3 ligand, of PHCEC and PHCjEC. (A), Production of IL-6
and IL-8. The HPMC, PHCEC, and PHCJEC were cultured, then left untreated or exposed for 24 hours
to polyk:C (25 pg/mL) or LPS from P. aeruginosa (1 pg/mlL). (B), Expression of IL-6 and iL-8 specific
mRNA. HPMC, PHCEC, and PHCJEC were cultured, then left untreated or exposed for 6 hours (HPMC,
PHCEC) or 3 hours (PHCJEC) to poly!:C (25 ng/mL) or LPS from P. aeruginosa (1 pg/mL). The y-axis for
the ratio of IL-6 or [L-8/GAPDH mRNA shows an increase in specific mRNA over unstimulated cell
samples. (C), Expression of IFN-B-specific mRNA. HPMC, PHCEC, and PHCJEC were cultured, then left
untreated or exposed for 3 hours to polyl:C (25 ug/mL) or LPS from P. geruginosa (1 pg/mL). The y-axis
for the ratio of IFN-B/GAPDH mRNA shows an increase in specific mRNA over unstimulated samples of
each cells or PHCJEC. (Reprinted with permission from Ueta and Kinoshita.5)

In our model of murine EAC, the number of eosinophils in the
lamina propria mucosae of the conjunctiva was significantly increased
in mice after sensitization and challenge, although sensitization with-
out challenge had no effect. Sensitization with RW induced RW-
specific immune responses equally in wild-type, TLR3KO, and
TLR3Tg mice; sensitization also produced an increase in IgE and IgG,
antigen-specific antibody responses. This effect was similar in mag-
nitude in all three groups of mice. Comparing the number of eosin-
ophils in the lamina propria mucosae of the conjunctiva in TLR3KO
and wild-type mice revealed significantly lower levels in TLR3KO
than in wild-type mice (Fig. 7B)."* Moreover, comparing eosinophil
infiltration in TLR3Tg and wild-type mice revealed that the numbers
of eosinophils in TLR3Tg mice after sensitization and challenge were
significantly larger than in wild-type mice (Fig. 7B).1* These results

4

suggest that TLR3 positively regulates the late-phase reaction of
EAC, which causes reduced eosinophilic conjunctival inflammation
in TLR3KO mice and pronounced eosinophilic conjunctival inflam-
mation in TLR3Tg mice.'¢

We previously reported that mast cells do not play an essential
role in the development of eosinophilic conjunctival inflammation
in the late-phase reaction because mast cell-deficient mice exposed
to sensitization and eye drop challenge developed eosinophilic
conjunctival inflammation similar to that seen in their congenic
littermates (Fig. 8).1* We also suggested that conjunctival epithe-
lial cells may be implicated in the eosinophilic conjunctival in-
flammation seen in allergic conjunctivitis. The previous report
raises a possibility that the ocular surface epithelial cells regulate
the inflammation of allergic conjunctivitis.'>
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FIG. 5. Responsiveness against various flagellins,

Baciflus

{ Salmanella i

the TLRS ligands, of PHCECs and PHCEC. (A), In {
HPMC, all flagellin stimulation significantly increased
the production of proinflammatory cytokine such as

Corneal Epitheliol Celis } z Inferiinal Eeifhell

IL-6 and IL-8. On the other hand, in PHCEC and
PHCIEC, only flagellin derived from the ocular patho-
gen P. geruginosa significantly induced the secretion
of proinflammatory cytokine and not flagellin de-
rived from ocular nonpathogenic B, subtilis and in-
testinal pathogenic S. typhimurium. In human intes-
tinal epithelial cell line HT29, P. ageruginosa- and S.
typhimurium-derived flagellin induced the secretion
of proinflammatory cytokine. (B), Expression of TLRS
protein in ocular surface epithelium. TLRS proteins
were present only at basal and wing sites. Human
corneal tissues were obtained from corneal buttons
of a patient undergeing corneal transplantation for
early-stage bullous keratopathy; human conjunctival
tissues were obtained at the time of conjunctivocha-
lasis surgery. Isotype control incubation was the neg-
ative control. Bound antibodies were visualized by
Alexa Fluor 488 donkey anti-mouse IgG—, nuclei by

Corneal
epithehum

length of 50 um in corneal epithelium or 75 pm in
conjunctival epithelium. (Modified with permission
from Ueta.#) (C) Function of TLRS on an ocular C
surface. Ocular surface epithelial cells respond to the
flagellin derived from ocular pathogenic bacteria
through TLR5 to produce inflammatory cytokines.
However, superficial ocular surface epithelial cells do
not express TLRS. Therefore, TLRS of ocular surface
epithelium might be not functional on a healthy
ocular surface free of epithelial defects.

Elsewhere, we showed that EP3 is expressed in the ocular
surface epithelium (Fig. 9A),1% and that the PGE,-EP3 pathway in
conjunctival cpithelium works as a negative regulator for allergic
conjunctivitis; Preer3™™ mice demonstrated significamly in-
creased cosinophil infiliration in conjunctiva after RW-challenge
compared to wild-type mice (Fig. 9B)."* It is evident that ocular
surface epithelial cells regulate the inflammation of allergic con-
Junetivitis.t

We previously found that stimulation with polyl:C elicited
increased mRNA expression of [L-6, IL-8, and IFN-8 in PHCJECs
as well as in PHCEC. 5% Moreover. to examine the comprchen-
sive effects of polyl:C stimulation of PHCJECs, we performed
gene expression analysis of PHCJECs from two individuals that
were or were not caltured with 25 pg/ml polyl:C.

Our results showed that polyl:C stimulation may inducc upregu-
lation of many transcripts (150 transcripts were upregulated more
than threefold); 47 transcripts were upregulated more than 10-fold on
polyl:C stimulation of the PHCIECs from two individuals. These
included 11 transeripts: CXCL11, CXCL10, 1L28A, CCLS, CCL4,
CCL20, IL7R, TSLP, ICAM-1, retinoic acid-inducible gene (RIG)-1.
and MDAS, the upregulation of which was confirmed by quantitative
real-time polyvinerase chain reaction (RT-PCR).1¢

Thus, although CXCLIL!7-7 CXCLI071* TL28A 02!
CCL3,22.23 CCL4,7223 and CCL20%22% are innate immune re-

G 2010 Lippincott Williams & Wilkins
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sponse-related genes. they have also been reported to be up-
regulated in allergic diseases. IL7R2 TSLP,*-2 and 1CAM-177
are allergy-related genes. At least 9 of the 47 transceripts that were
found to be upregulated more than 10-fold on polyE:C stimulation
of the PHCIECs from two individuals might be associated with
allergy.

The significant upregulation of these genes. which is increased
in allergic discases via polyl:C. might be consisient with our
previous finding that TLR3 positively regulates the late-phase
reaction of EAC in a mouse model. Our results show that TLR3 of
conjunctival epithelium may not only induce antiviral innate im-
mune responses bui also regulate the allergic reactions.

On the other hand, our results showed that RIG-T and MDAS,
which are reportedly implicated in viral dsRNA recognition. are
also remarkably upregulated by polyl:C stimulation of PHCIECs.
We previously reported that TLR3 was the most intensely ex-
pressed among TLR1 to 10 in ocular surface cpithelial cells and
speculated that TLR3 mainly contributes to polyl:C inducible
responses in ocular surface epithelial cells. However, in this study.
we found that new receptors that recognize dsRNA and polyl:C,
RIG-I and MDAS are also expressed in PHCJECs and arc upregu-
lated by polyl:C stimulation. Although the TLR family detects
PAMPs cither on the cell surface or in the lumina of intracellular
vesicles such as endosomes or lysosomes, recent studies have
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FIG. 6. Unique innate immune response of the ocular surface
epithelium. Immune-competent cells such as macrophages do rec-
ognize various microbial components via TLRs, induce inflammation,
and then exclude microbes, whereas ocular surface epithelial cells
selectively respond to microbial components and induce limited
inflammation. This difference in the action of macrophages and
ocular surface epithelial cells may be caused by dissimilarities in their
coexistence with commensal bacteria.

confirmed the existence of a cytosolic system for detecting intra-
cellular PAMPs. These cytosolic PRRs include RIG-I-like recep-
tors (RLRs) and nucleotide-binding oligomerization domain-like

receptors. RLRs belong 1o the RNA helicase family that specifi-
cally detects RNA species derived from viruses in the cytoplasm

and coordinates antiviral programs via type TTFN induction. RIG-1

and MDAS are RLRs. Further investigation is required to resolve
how these receptors contribute to polyl:C-inducible responses.

We also examined whether these 11 transcripts could be up-
regulated on polyl:C stimulation in PHCEC to perform a quanti-
tative RT-PCR assay. Our results showed that polyl:C stimulation
upregulated these 11 transeripts (CXCLI1L CXCL10, IL28A,
CCLS5. CCL4, CCL20, TL7R. TSLP, ICAM-1, RIG-1, and MDAS)
in PHCEC (Fig. 10). The acwal role of TLR3 in ocular surface
inflammation must be further investigated.

In summary, we demonstrated that human ocular surface epi-
thelial cells can be induced by polyl:C stimulation to express many
transcripts, including not only antiviral innate immune response-
related genes but also allergy-related genes.

IKBZ AND OCULAR SURFACE INFLAMMATION
WITH THE DISAPPEARANCE OF GOBLET CELLS

1&B{ is induced by diverse PAMPs and regulates nuclear factor
(NF)-xB activity.?2? Thus, [&kB¢ is important for TLR/IL-1 re-
ceptor signaling. which is essential for an innate immune response.
We previously reported that 1kBZ KO mice exhibit severe, spon-
tancous ocular surface inflammation accompanicd by the eventual
loss of almost all goblet cells.’® Moreover, balb/c background
1kB{ KO mice exhibited not only spontaneous ocular surface
inflammation but also spontancous perioral inflammation (Fig.
11A).% Some [«B¢ KO mice manifested ocular surface inflam-
mation with corneal opacity (Fig. 11A).5 We considered IkB{ KO
mice a suitable model for Stevens-Johnson syndrome (5IS), a
severe. human ocular surface inflammatory discase, because these
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FIG. 7. Our murine model of EAC. (A) Eosinophilic conjunctival inflammation in TLR3KO and TLR3Tg
mice. The infiltration of eosinophils into the conjunctiva of wild-type and TLR3Tg mice was detected
with Luna’s method. Scale bars, 50 pm. (Reprinted with permission from Ueta et al.>")
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animals presented with ocular surface inflammation accompanied
by a loss of goblet cells, and perioral inflammation is seen in
patients with SIS (Fig. 11B).% 1kB{ KO mice also manifested the
airway inflammation and oral mucositis seen in human SJS (Fig.
11B).? Furthermore, 1kB{/Stat6 double-KO mice presented with
severe dermatitis not only of the facial area but also of the
abdominal skin; these animals also exhibited paronychia (Fig.

24k afterchallengs of RW with senstization

11C).53 Qur findings provide convineing evidence that [kB{ KO
mice are a suitable model for SJS with ocular surface complica-
tions because patients with SIS present with ocular surface inflam-
mation, perioral inflammation, and paronychia in the acute stage
(Fig. 11D).5

1kBZ induced by diversc PAMPs regulates NF-kB activity,
possibly to prevent excessive inflammation in the presence of

FIG. 9. Expression and localization of EP3 in con-
junctiva and cornea. Histochemical staining for EP3
{X-gal). Ocular surface tissues from Ptger3™'™ mice
expressing the B-galactosidase gene at the Piger3
locus was stained for g-galactosidase activity with the
substrate X-gal. Sections of ocular surface tissues
from Ptger3~'~ mice (b, ¢, d) and from wild type
mice (a) were counterstained with hematoxylin (pur-
ple) (a, b) or eosin (red) (c, d). Scale bars, 500 um (a,
b) or 50 um (¢, d). Pasitive signals (blue) were shown
on *conjunctival epithelium (c), #corneal epithefium
(d), and zcorneal endothelium({d). Data are repre-

B jn“"ﬂ‘g‘ sentative of three experiments. (A), Infiltration of
e 2 . eosinophils into the conjunctiva of wild-type and
o Ptger3™'™ mice were detected by using Luna's
E method, which stained eosinophil granules with a
PBS < distinctive red. Pronounced eosinephil infiltration
challenge = was observed in Ptger3 ™™ mice compared with wild-
z type mice. Scale bars, 50 um. The number of eosin-
§: ophils in the lamina propria mucosae of the tarsal
2 conjunctiva was quantified in wild-type and Pt-
ki ger3™’~ mice. The data are shown as mean = SEM of
2 samples from 19 animals, all the mice examined.
§ 3+ 00,0005, (Reprinted with permission from
o Ueta et al.™#)
&
RW )
challenge
chalerge  — + - +
snstzation ¥ +
wild-type Piger3 s
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FIG. 10. The mRNA expression of the 11 transcripts in PHCEC
exposed to 25 ug/ml polyl:C for 6 hours. The guantification data
were normalized to the expression of the housekeeping gene
GAPDH. Data are representative of three separate experiments and
are given as the mean * SEM from one experiment. (*P<0.05;
**p<0.005; ***P<0.0005.)

bacterial components.2* The spontaneous ocular surface inflam-
mation observed in IxB{ KO mice suggested that dysfunction/
abnormality of innate immunity can play a role in ocular surface
inflammation.*

IxkB{ mRNA was expressed in both corneal and conjunctival
tissues from normal C57BL/6 mice.3® When we compared the
levels of IkB{ expression in murine tissues using RT-PCR, we
found that IkB{ mRNA was intensely expressed in mucosal tissues
such as the small intcstine, trachea, cornea, and conjunctiva and
slightly expressed in liver and kidney tissue.3® Moreover, the
predominant expression of IkB{ transcripts in the ocular surface
tissue of the mice was localized spatially to corneal and conjunc-
tival epithelia.?® Human corneal and conjunctival epithelia also
expressed human MAIL (similar to mouse [kB{)-specific

AQ: 10 mRNA 20

To examine whether MAIL (similar to mouse IxkB{) can sup-
press the production of proinflammatory cytokines, we performed
siRNA experiments to knockdown mRNA levels of MAIL.
PHCECs were transfected with control- or MAIL-targeting siRNA
and cultured for 24 hours. The knockdown of MAIL mRNA was

confirmed by quantitative RT-PCR. The expression of IL-6 and
IL-8 mRNA was enhanced in MAIL-knockdown PHCECs.S These
results suggested that MAIL in the ocular surface epithelium may
suppress the production of proinflammatory cytokines such as IL-6
and IL-8 and that the ocular surface epithelium might suppress
inflammation via the expression of 1kBZ.3

We also suggested that [kB{ exerts regulatory effects selectively
not only on cytokines through NF-xB but also in a tissue- or cell
type-specific manner (spatially orchestrated regulation).!

Furthermore, IkB{ ™~ mice may provide further insight into the
interplay between microorganisms and innate immune responses
in the presence of ocular surface disorders because they may be a
suitable model for SJS. Although the role of acquired immunity in
the pathogenicity of SJS/toxic epidermal necrolysis (TEN) has
been reported, it was not previously recognized that innate immu-
nity plays a critical role in bridging the acute response to invading
nonself molecules and chronic local immune inflammation in the
pathogenicity of SJIS/TEN.

S)S AND ABNORMALITY OF INNATE
IMMUNITY

The SIS is an acute inflammatory vesiculobullous reaction of
the skin and mucosa including the ocular surface. In individuals
with extensive skin detachment and a poor prognosis, the condition
is called TEN. Both SJS and TEN arc commonly associated with
infectious agents or inciting drugs or both,32-34 and the pathophys-
iologic mechanisms of this disease have yet to be fully elucidated.
In the acute stage, patients manifest vesiculobullous lesions of the
skin and mucosa (especially that of the eyes and mouth), severe
conjunctivitis, and persistent corneal epithelial defects because of
ocular surface inflammation.*5-3¢ Oral involvement, including blis-
ters, erosions, and bleeding of the mouth and lips, was observed in
all patients with SJS/TEN with ocular surface complications.3s
Some patients with SJIS/TEN manifested respiratory disorders such
as mucous membrane damage of the trachea or bronchus, bron-
chiolitis obliterans, and pnecumonia. Morcover, oral mucositis was
noted in the acute stage of SIS/TEN, and almost all patients with
SJS/TEN with ocular surface complications had lost their finger-
nails in the acute or subacute stage because of the occurrence of
paronychia in the acute stage.*>35 In the chronic stage, despite
healing of the skin lesions, ocular surface complications including
conjunctival invasion into the cornea, dry eye, symblepharon,
ankyloblepharon, and in some instances, keratinization of the
ocular surface, persist. Alopecia and trichiasis of the eyelashes
were also observed.’?

We considered the possibility of an association between SIS/
TEN and a disordered innate immunc response. Our reflections
were based on an association between the onsct of SJIS/TEN and
infections because many patients with SJIS/TEN exhibited prodro-
mata, including nonspecific fever, coryza, and sore throat—ail-
ments that closely mimic upper respiratory tract infections com-
monly treated with antibiotics.?? In addition, patients with SJS/
TEN presented with opportunistic bacterial infections of the ocular
surfaces, in particular methicillin-resistant Staphvlococcus aureus
(MRSA) and methicillin-resistant S. epidermidis (MRSE). In fact,
compared with individuals with other devastating ocular surface
disorders, the detection rate of MRSA and MRSE was higher with
respect to the ocular surfaces of patients with SIS/TEN.3® More-
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FIG. 11. (A) Phenotype of 1kBZ KO mice. Photo- A
graphs of the face including the perioral skin of 32-
week-old 1«B{ ™/~ and an 1«BZ~/~ mice taken 27 weeks
after symptom onset. Although 1B mice were free
of inflammation (a~d), 1xB{™/~ mice exhibited a severe
inflammatory phenotype; the inflammation involved
the ocular surface, the eyelids and the perioral skin
(e-g). The kB~ mouse also manifested corneal
opacity with ocular surface inflammmation (h). (B) Histo-
logic findings on various tissues of kB{ ™/~ mice. Histo-
logic findings on the palpebral conjunctiva, perioral
skin, oral mucosa, and trachea of 1kB{™ ™ and kB ™/~
mice. Histologic analysis of the palpebral conjunctiva of
an 1kBL ™/~ mouse (at 2 weeks after the onset of inflam-
matory symptoms) revealed heavy infiltration by in-
flammatory cells into the submucosa under the con-
junctival epithelia and loss of goblet cells in the
conjunctival epithelia (a). Histologic analysis of the peri-
oral skin of an IkBZ™/~ mouse (at 2 weeks after the
onset of inflammatory symptoms) revealed hyperplasia
and spongiosis in the epidermis including the hair
follicles, inter- and intracellular edema in the epidermis,
and heavy infiltration of the dermis by inflammatory
cells (b). Histologic analysis of the oral mucosa of an
IkBZ™~ mouse (at 9 weseks after the onset of inflam-
matory symptoms) revealed spongiosis in the epithe-
lium, and infiltration by inflammatory cells into the
submucosa under oral mucosal epithelia (c). Histologic
analysis of the trachea of an kB~ mouse (at 8 weeks
after the onset of inflammatory symptoms) revealed
infiltration of inflammatory cells into the submucosa
under the tracheal epithelia (d). We observed no
pathologic changes such as inflammatory phenotypes
in IkB{™~ mice (e-h). Each bar represents a length of
50 pm. (C) Phenotype and histologic findings in an
1kBZ/Staté double-KO mouse. In the IxkB{/Staté WKO
mouse, severe inflammatory symptoms were elicited
on the ocular surface and not only on the facial but also

e mice

IKBG

IeBE--mice

mouse also manifested paronychia (g, h). No obvious
dermatitis or paronychia was observed in Stat6 sin-
gle-KO mice (a, b, e, f}. (D), Typical features of S|S/TEN
in acute stage. Ocular surface inflammation with con-
junctivitis and eyelids swelling (leff). The face manifests
swollen and crusted lips, blisters, and erosions of skin
(middle). Paronychia (right). (Reprinted with permission
from Ueta and Kinoshita.®)

over, patients with SIS often have severe ocular surface inflam-
mation when MRSA or MRSE reside on the ocular surface,
although there is no inflammation on the ocular surface in normal
contexts, despite resident commensal bacterium such as S. epider-
niidis and P. acnes. Notably, elderly people who are hospitalized
have no ocular surface inflammation even when MRSA or MRSE
reside on the ocular surface. The ocular surface inflammation of
paticnts with SIS is also greatly reduced after treatment with
antibiotics against MRSA or MRSLE#S Finally. patients with
SIS/TEN presented with persistent inflammation of the ocular
surfaces harboring commensal bacteria.

Under the hypothesis of a disordered innate immune response
m SIS/TEN, we performed gene expression analysis of mone-
cytes, cells that are essential in innate immunity. First, we
found differences in /L4R gene expression: on LPS stimulation,
/L4R gene expression was downregulated in patients with
SIS/TEN and slightly upregulated in the controls (Fig. 12A).%39
Second, after a 1-hour culture without LPS, the expression of
IL-Te (Fig. 12B) and IxB{-specific mRNA (Fig. 12C) was

© 2010 Lippincou Williams & Wilkins

lower in monocytes from patients with SIS/TEN than in the
normal controls, suggesting that the redoced expression of
[L-Te and IxB¢ genes may play an important role in the
pathophysiology of SIS/TEN.* According to Correia et al.,*
IL-1a was significantly lower and sIL-2R was significantly
higher in the blister fluid of paticnts with TEN than in that of
patients with burn injury. Our study detected a significant
difference between patients with SIS/TEN and controls with
respect to the expression of [L-Ta by CDI147 monocytes. [kB{
is induccd by diverse PAMDPs regulates NF-xB activity, possi-
bly to prevent excessive inflammation in the presence of bac-
terial components.”® Our preliminary report pointed to the
presence of ocular surface inflammation in IkBZ£ gene-disrupted
mice. 53031 We previously reported that virus dsRNA-mimic
polyl:C. a TLR3 ligand. elicited increased expression of human
IkB{-specific mRNA in primary corneal epithelial cells.?? Con-
sidering the induction of kB¢ by TLRs, the ocular surface
inflammation seen in patients with SIS/TEN may be related to
an innate PAMP-amplified immune response to microbes.
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FIG. 12. {A), Difference of [L4R gene expression
between patients with SJS/TEN and normal volun-
teers. CD147 cells from peripheral blood were sub-
jected to gene expression analysis; the cells were
cultured for 1 hour with or without LPS. SJS/TEN
patients N = 4, normal volunteers N = 3. Low
expression of IL-1a (B) and 1«B{ (C) by isolated
monocytes from patients with S§jS/TEN after 1-hour
culture. Quantitative RT-PCR assay confirmed that
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While SIS/TEN can be induced by drugs, not all individuals
weated with these drugs developed SISTTEN. Because the inci-
dence of SIS/TEN is very low, we suspected a genetic predispo-
sition and performed single-nucleotide polymorphism (SNP) asso-
ciation analysis using candidate genes associated with innate
immunity, 37 allergy, ! or apoptosis.’”

For the SNP analysis. we enrolled 80 patients with SISTTEN in
the chronic or subacute phase; all presented with ocular surface
complications. The controls were 160 healthy volunteers. All
participants and volunteers were Japanese residing in Japan. The
average age (mean = SD) of the patients and controls was 45.3 =
16.9 years and 36.2 = 11.5 years. respectively. The malefemale
ratios in the patient and control groups were 35:45 and 37:103.
respectively. SNP analysis was performed by direct sequencing.®

First, we examined the candidate genes associated with innate
immunity. such as the /L7 genes (which differed between SIS/
TEN and controls in our gene expression analysis), the /kB{ genes
{which also differed between SIS/TEN and controls in our gene
expression analysis and which lead 1o ocular surface and skin
inflammation when disrupted). the 7LR2 genes (which are closely
related to S awrens and S, epidermidis, including MRSA and
MRSE). and the 7ZR3 gene (which is the one most highly
expressed on ocular surface cpithchum and responds to virus
dsRNA-mimic poly[:C o generate proinflammatory cyiokines and
IFN-f3).432

To investigate kB we analvzed seven polymorphisms
(r$.2303991, rs.622122, rs. 14134 15.3217713, 185395788, 15.677011,
and 18.3821727) in JSNP (the Japanese Single Nucleotide Poly-
morphisms database). The SNP rs.3953788 showed a weak inve-
rac association under a dominant model (rs.395788G/G s,
G/A+A/A: Pvalue (y7) = 0.04. odds ratio [OR] = 0.33) (Fig. 13).
although the resulis ceased to be significant when we corrected the

10

P value for the number of alleles tested (n = 7). There was no
significant association in the other six polymorphisms.?

Regarding 7L/e, we analyzed SNPs  (15.16090682,
6. 1804399, 15.2071373, rs.2071373. and rs.2071376) reported in
JSNP, There was no significant association among these five
SNPs.?

With regard to TLR2, we analvzed three SNPs {r5.3840100.
r5.3840099, and rs.3840097) reported in JSNP. There was no
significant association among these three SNPs?

Regarding TLR3. we analyzed seven SNPs (15.3773290.
15.3773291, r5.3775292, 15.3775293, vs. 3773294, v5.3775295. and
r5.3773296) reported in the JSNP database. The SNP r5.3775296
showed a significant association under a recessive model
(r5.37753296 T/G + G/G vs. T/T. raw P value = 0.0001, corrected
P value = 0.0007. OR = 0.20) and a weak inverse association with
allele frequency (G vs. T, raw £ value = 0.01, corrected P value =
0.07, OR = 0.6) (Fig. 1332 However, when we corrected the P
value for the number of alleles tested (1 = 7), the results ceased to
be significant; SNP 15.3775290 also showed a significant associa-
tion under a recessive model (18.3775290 A/G + G/G vs. A/A raw
P ovalue = 0.0094, corrected P value = 0.0638, OR = 0.40) (Fig.
13).%32 We also analyzed the genotype pattern of SNPs
15.3775296T/G  and  1s.3773290A/G  end  found  that
(r8.3773290A/A-15.3773296T/T) oo strongly associated with SIS/
TEN in Japanese patients (" test. P=0.00028, OR = 5.4, 95% (1,
2.0-14.8).4% This association was stronger than observed for the
single locus (rs.3775296). There was no significant association
among other five SNPs. Our results suggest that polymorphisms in
the 7LR3 gene may be associated with SIS/TEN i the Japanese
population.”> We hypothesized that viral infection or drugs or both
may trigger a disorder in the host innate immune response and that
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FIG. 13. The SNP association analysis using the candidate genes.

this event is followed by aggravared inflammation of the mucosa,
ocular surface, and skin.**2

Next, we examined the candidate genes associated with
We examined /L4R genes (in which there are differences between
patients with SIS/TEN and controls as determined by our gene
expression analvsis). Notably. /L4R 1s essential for both 1L-4 and
1L-13 signaling because it is a component of IL-4 and IL-13
receptors. Regarding the 7Z4R gene. we analyzed polymorphisms
of Tle30Val (rs. 1803010}, Serd478Pro (rs. 1803 G 5y, and GInS31Arg
(rs.1801275) in the /L4R gene to compare Japanese patients with
SIS/TEN and Japanese healthy volunteers. Among three SNPs in
IL4R, GInSS1Arg showed a significant association with allele
frequency (A vs. G, raw P value = 0.00043. corrected P value
0.00129, OR = 3.93) and the dominant model (A/A vs. A/G +
G/G, raw P value = 0.00039. corrected P value = 0.00177. OR =
4.1y (Fig. 13).5%3990 We also investigated T4 and 1L13 (which
Hgands of TL4R). Regarding the /L4 gene, we analyzed p(ﬂymm-
phisms of promoter —390C/T (x>.3243250) related to higher IgE
fevels, and we found no significant association between SIS/TEN
and controls.*? With regard to the JL/3 gene. we analyzed poly-
morphisms of the promoter —111TTC/T SNP (rs.1800925) and
Ginl10Arg SNPs (rs.20541) in the /L/3 gene among Japanese
patients with SIS'TEN and Japanese healthy volunteers. There was

allergy.

O 2010 Lippincon Williams & Wilkins

a weak associztion of the promoter — LHTHCT SNP in the 7273
gene related to asthma with allele frequency (C vse T, raw P
0.029, corrected P(Pey value = 0037 OR = 1.8y
correction of the 7 value for the number of allcles detecied (1 =
2y showed that the resulis were not significanmt (Fig. 13319
Ginl10Arg SNPs in /273 exhibited 2 significant association with
allele frequency (G ovs. AL raw P value = 00210 corrected P
alue = (L042, OR = 1.7) even when we corrected the P va}uc for
ghc number of alleles detected of /273 SNPs (i = 2) (Fig. 1371
These ﬁndmgs con zm‘;t with those of Heinzmann et al? w h(}
rcpmwci hat Ginl 10 was significantly increased in hunan asthma.
o detected a sign lﬁC‘:ifzi increase in Argl 10 in our patients with
S.I%"'"L;\.
Finally, we examined the candidate genes assoctated with apo-
ptosis, the Fasl genes (which reported to manifest increased serum
fevels in patients with SIS/TEN in the acute stage). We examined
fam' SNPs of Fasl (rs.929087. r$.2639614, r3.2839247, and
830150y reported in JSNP and found that 183830130 AG
fmimn} ximw*d a significant inverse association with allele fre-
quency (A vs aw P value = 0.006. corrected P value = 0,024,
OR = {3,33 and hc dominant model (AVA vs. A/G + GG, raw P
value = 0.0019, corrected P value = 0.0073, OR = 04) (Fig. 13).
Analysis of the genotype pattern of SNPs 3830130 and
1$.2639614 (vs.3830150 A/A - 15.2039614 G/G) also manifested a
strong inverse association with SISTEN in Japanese patients (7
iuc = 00016, OR = 0.4} (Fig. 13). There was no significant
ssociation among other two SNPs.
I 1 summary, we found that TLR3 13775296 SNP and /L4R SNP
5. 1801275 (GInS51 Arg) were strongly associated (P<<0.0003). Fasl.
$.3830130 SNP was mildly associated (P<C0.005), and 1113 r5.2034}
‘AI‘“HQQ n) and IxB& SNP rs.393788G/A exhibited a weak
association (P<0.03) with SIS/TEN with ocular surface com-
plications (Fig. T4A)
Furthermore, we examined humzm leukocyte antigen (HLA)-
7

value =

class T (HLA-A, HLA-B. and HLA-C) and HLA 11 (DRB1 and
DQB1) antigens in 71 Japanese patients with SJ¢ FE\ with ocular
complications and 113 healthy volunteers. We found that HLA-

AFG2006 was stmngiy associated with SIS TEN with ocular com-
plications (carrier frequency: P<C0.00003, corrccted P value
<0.0003. OR = 4.1; gene frequency: P<0.0003. corrected P value
<0005, OR = 3.2) and that HLA-A® 1101 was inversely associ-

ated (carrier fregueney: P<0.01, corrected P value = 0.078, OR =
0.23; gene frequency: P<<0.003, corrected P value <<0.05, OR =
0.22). al{hom_h there was no association with HLA-class 11494

The onset of SIS with ocular complications was associated with
putative viral syndromes or the administration of drugs. a finding
that coincided with that of Mondino® Although the HLA-BI12
antigen was significantly increased in white paticuzs with SIS se-ax
we found no association with HLA-B12 in ] apa ¢ patients with
SJS. This result is likely because in whites, the HLA-BI2 a
is primarily coded for by HLA-B*4402, whcm'xs in Japanese, it i

almost exclusively coded for by HLA-B*4403.%7 On the other
hand, HLA-AZ0206 is strongly associated with SIS/TEN with
ocular complications in Japanese individuals. This association is
absent in whites. We detected no significant association between
SISATEN and HLA-DQBI1#0601, although HLA-DQB #0601 was
associated with ocular complications in white patients with SIS

}xr;xr}

Thus. our findings suggest strong cthnic differences in the
association of SISTTEN with HLA. Because SIS/TEN is rare and

11
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probably has a complex genetic inheritance background. specific
combinations of genes and certain environmental factors may be
required for the manifestation of this rare phenotype. Interestingly,
HLA class I has been reported to be related to immune responses
to virus. )

Not only environmental but also genetic factors may play a role
in an integrated causce of SIS/TEN (Fig. 14B). A possible associ-
ation exists between SIS/TEN and disordercd innate immunity.
Agendas for future research are further examination of the involve-
ment of disordered innate immunity in SJS and investigation of the
mechanism of ocular surface imflammation in SIS, especially the
correlation with ocular surface involvement.
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A Review

Research and Development for Treating Devastating Corneal Diseases

Shigeru Kinoshita
Department of Ophthalmology, Kyoto Prefectural University of Medicine

Abstract

In order to develop new therapeutic modalities for
corneal diseases, it is essential to combine cutting-
edge translational research based upon liberal
original ideas obtained from clinical experience with
state-of-the-art basic science and technology. Here, I
describe seven important research projects on which
our group has been working.

1. Elucidation of the pathogenesis in gelatinous
drop-like corneal dystrophy (GDLD). Due to loss
of function of the tumor-associated calcium
signal transducer 2 (TACSTD2), a responsible
gene for this dysirophy, tight-junction-related
proteins cease to function, resulting in severe
corneal epithelial barrier impairment. As a
result, varjous proteins contained in tear fluid
continuously penetrate into the corneal stroma,
promoting the development of massive amyloid
deposits.

2. The development of cultivated mucosal epithelial
transplantation : A landmark surgery, involving
the transplantation of cultivated mucosal epithe-
lial cells from in vitro to in vivo, now recognized
as the next generation of ocular surface recon-
struction. We began performing cultivated allo-
corneal epithelial transplantations in 1999, and
cultivated auto-corneal and auto-oral mucosal
epithelial transplantations in 2002. These proved
to be very effective in the reconstruction of both
the corneal surface and the conjunctival fornix.

3. Elucidation of the pathogenesis of Stevens-

Johnson syndrome : Studies have shown that
there is a close relationship between corneal
epithelial stem cell loss and the associated degree
of visual impairment. We discovered that a
steroid pulse therapy at the acute phase aimed at
minimizing stem cell loss is very effective in
restoring visual acuity. This implies that inhibi-
tion of the cytokine storm is essential for the
treatment of acute-phase Stevens-Johnson syn-
drome. The innate immunity abnormality seems
to be heavily involved at the onset of this
devastating disease.

4. Elucidation of the involvement of EP3 and toll
like receptor 3 (TLR3) in inflammatory ocular
surface reactions : We discovered that EP3, one
of the prostanoid receptors expressed by ocular
surface epithelium, has a dramatic inhibitory
effect on ocular surface inflammation in a mouse
model. Since EP3 is also expressed in human
ocular surface epithelium, and since abnormality
of its single nucleotide polymorphisms (SNPs) is
involved in some ocular surface inflammatory
diseases, we theorized that an allergic reaction
may be negatively regulated by EP3 which is
predominantly expressed by the ocular surface
epithelium. Our findings show that this is
similarly true for TLR3, which, conversely, up-
regulates ocular surface inflammation.

5. Functional regulation of the ocular surface
epithelium : Qur findings show that intracellular

— 153 —



TR 22434108

glutathione (GSH) content in the ocular surface
epithelium regulates its intracellular redox state.
For instance, the GSH content of the conjunctival
epithelium decreases in dry eye diseases, yet
recovers after the surgical insertion of a punectal
plug. Since various amino acids are also heavily
involved in the regulation of cellular functions,
we investigated the profile of amino acids
contained in tear fluids. Our results indicate that
there is a marked difference in amino acid
profiles between tear fluids and plasma. Further-
more, we found that several amino acids are up-
regulated in inflamed eyes, probably due to an
oxidative redox response.

6. The development of new therapeutic modalities
for corneal edema : We are developing a new
therapeutic modality of cultivated corneal endo-
thelial transplantation using methods based on
regenerative medicine. For instance, our findings
show that cultivated corneal endothelial sheet
transplantation in monkeys maintains corneal
transparency for at least four years after
transplantation. The supplementation of a Rho
kinase (ROCK) inhibitor in the culture media
produces an excellent result in culturing human
corneal endothelium, maintaining a normal-
looking endothelial cell morphology. The use of a
ROCK inhibitor, both for cultivated endothelial

BEEBOREER - AT 163

cell injection into the anterior chamber and for
use as a topical application, may prove to be a
potential tool for the treatment of corneal
endothelial dysfunction.

7. The development of a new type of tear function
test : The results of our investigations show that
the time-dependent changes of tear film lipid
layer (TFLL) spread are compatible with the
Voigt model of viscoelasﬁcity, and that the initial
velocity of the TFLL spread after a blink
decreases in proportion to the decrease in tear
volume. Thus, a lipid-layer analysis will become
an important tear analysis tool.

The above are projects representing the way we
believe new treatments for severe corneal diseases
are heading"':" .

Nippon Ganka Gakkai Zasshi{J Jpn Ophthalmol Soc

114 : 161—201, 2010)
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