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Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are acute inflamma-
tory vesiculobullous reactions of the skin and mucous membranes including oral cavity and
ocular surface.

Single nucleotide polymorphism (SNP) association analysis of SJS/TEN patients with severe
mucosal involvements (M) revealed that TLR3 SNPs and IL4R SNP GIn551Arg were significantly
associated with SJS/TEN with MI. We also found that PTGER3 SNPs were associated with the
SJS/TEN using genome-wide association study (GWAS). The expression of EP3 (protein of
PTGER3 gene) was greatly reduced in the conjunctival epithelium of the SJIS/TEN patients
compared to the controls. About 80% of our SIS/TEN patients with Ml had used cold medica-
tions before the onset of their disease, and cold medicines including non-steroid anti-inflamma-
tory drugs (NSAIDs) could inhibit the production of the EP3 ligand PGE2. Thus, EP3 may contrib-
ute to the development of SIS/TEN with MI.

We also found that a combination of TLR3 and PTGER3 SNPs could raise the genetic suscep-
tibility of SJS/TEN with MI, and that there were functional interactions between TLR3 and EP3,
the protein of PTGERS3. This suggests that a lack of balance between TLR3 and EP3 may trigger
mucosal inflammation at sites such as the ocular surface.

Elsewhere we documented that in Japanese patients HLA-A*0206 is strongly associated with
the SJIS/TEN. We also reported multiplicative interaction(s) between HLA-A*0206 and TLR3 SNPs
in patients with the SIS/TEN.

Together, our observations suggest that not only environmental- but also genetic factors, in-
cluding epistatic interactions, play arole in an integrated etiology of SIS/TEN with MI.
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Stevens-Johnson syndrome (SJS)/toxic
epidermal necrolysis (TEN)

Stevens-Johnson syndrome (SJS), an acute inflammatory
vesiculobullous reaction of the skin and mucous membranes,
was first described in 1922 by the American pediatricians
Stevens and Johnson". They encountered 2 boys aged 7
and 8 who presented with an extraordinary, generalized erup-
tion with persistent fever, inflamed buccal mucosa, and se-
vere purulent conjunctivitis that progressed to severe visual
disturbance". Other pediatricians reported that SJS was as-
sociated with infectious agents such as Mycoplasma
pneumoniae? or a viral etiology?.

According to dermatologists, SJS and its severe variant
toxic epidermal necrolysis (TEN) are life-threatening severe
adverse drug reactions characterized by high fever, rapidly
developing blistering exanthema of macules accompanied
by skin detachment and mucosal involvement?.

The annual incidence of SJS and TEN has been estimated
as 1-6 and 0.4-1 cases per million persons, respectively® ©.
Although very rare, the mortality rate of SJS and TEN is 3%
and 27%, respectively” and they often result in vision loss.
While the pathobiological mechanisms underlying the onset
of SUS/TEN have not been fully established, the extreme
rarity of cutaneous and mucosal reactions due to drug thera-
pies led us to suspect individual susceptibility.

According to a European-American consensus classifica-
tion, SJS is recorded in patients with manifest detachment of
less than 10% of the body surface area (BSA) and wide-
spread erythematous or purpuric macules or flat atypical tar-
gets. Overlapping SJS/TEN is diagnosed when detachment
involves 10-30% of BSA and there are widespread purpuric
macules or flat atypical targets. TEN is the diagnosis in pa-
tients with spots who show more than 30% detachment with
widespread purpuric macules or flat atypical targets. TEN
without spots is recorded in patients with more than 10%
detachment, large epidermal sheets, and no purpuric
macules®.

In Japan, a different classification was proposed. SJS is
diagnosed in patients with less than 10% BSA detachment,
widespread blistering exanthema of macules, and atypical
target-like lesions accompanied by MI. A diagnosis of TEN
is made when BSA detachment exceeds the less than 10%
seen in SJS?. For a diagnosis of SJS there must be Ml and
cutaneous lesions; Ml may or may not be present in patients
with a diagnosis of TEN.

Dermatologists tend to see patients with SUS/TEN in the
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Fig. 1 Stevens-Johnson syndrome (SJS) with severe mucosal
involvement
(A)Typical features of SJS/ TEN in the acute stage.
a. Ocular surface inflammation with conjunctivitis and eyelid swelling.
b. The face manifests swollen and crusted lips, blisters, and erosion
of the skin.
c. Paronychia
(Reprinted with permission from Ueta et al.®))
(B)Ocular surface inflammation of SJS results in severe conjunctivi-
tis, pseudomembrane, and epithelial defect.
(C)Ocular surface complications in the chronic stage are conjunctival
invasion into the cornea, symblepharon, trichiasis, and dry eye.
(D)Transformed fingernails in the chronic stage.
(Reprinted with permission from Ueta et al.'?)

acute stage. On the other hand, ophthalmologists encoun-
ter SUS/TEN not only in the acute- but more often in the
chronic stage. When a differential diagnosis of SJS or TEN
is complicated because the vesiculobullous skin lesions
present in the acute stage have healed. Consequently, oph-
thalmologists have tended to report both SJS and TEN
broadly as SJS. The ophthalmological diagnosis of SUS/TEN
(SJS in the broad sense) was based on a confirmed history
of acute-onset high fever, serious mucocutaneous illness with
skin eruptions, and involvement of at least 2 mucosal sites
including the ocular surface®'.

In the acute stage, SUS/TEN patients with Ml manifest
severe conjunctivitis, corneal/conjunctival epithelial defects,
and alopecia with vesiculobullous lesions of the lip, oral cav-
ity, and skin (Fig. 1A, B). In the chronic stage, ocular surface
complications such as severe dry eye, symblepharon, and
trichiasis persist despite the healing of the skin lesions (Fig.
1C). In some patients with corneal epithelial stem cell defi-
ciency (Fig. 1C) conjunctival invasion into the cornea may
have progressed to keratinization of the ocular surface and
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these patients present with severe visual disturbance. SJS/
TEN with Ml is one of the most devastating ocular surface
diseases leading to corneal damage and loss of vision. We
also observed that more than 95% of patients with SUS/TEN
with MI had lost their fingernails in the acute- or subacute
stage and that many of them continue to have transformed
nails even after healing of the skin lesions (Fig. 1D)'™ 3,

SJS/TEN with MI and the role of disor-
dered innate immunity

Drugs, particularly antibiotics and cold medicines includ-
ing NSAIDs and multi-ingredient cold medications, are an
accepted etiologic factor in SUS/TEN*®. Many SJS/TEN
patients with MI experienced prodromata including nonspe-
cific fever, coryza, and sore throat that closely mimic upper
respiratory tract infections commonly treated with antibiotics
and cold medicines® '* 9, In fact, 131 of our 162 patients
(81%) developed SJS/TEN with MI after drug treatments for
the common cold with antibiotics, cold remedies, and/or
NSAIDs'3 19,

Moreover, the detection rate for methicillin-resistant Sta-
phylococcus aureus and Staphylococcus epidermidis (MRSA,
MRSE) was higher on the ocular surface of SUS/TEN pa-
tients with MI than in patients with other devastating ocular
surface disorders'®. Given the association between the on-
set of SUS/TEN with MI and infection, and the opportunistic
infection of ocular surfaces by bacteria such as MRSA and
MRSE, we posited an association between SJS/TEN with
MI and a disordered innate immune response’® '3 1719, We
postulated that microbial infection with, for example, myco-
plasma or viruses, and/or certain drugs trigger a disorder in
the host’s innate immune response and that this event is
followed by aggravated inflammation of the mucous mem-
branes including the ocular surface and the skin. We further
hypothesized that an abnormality in the innate immunity of
the ocular surface results in ocular surface inflammation'® '®
because inflammatory bowel disease is thought to result from
an abnormal response to gut microbiota®.

Elsewhere we reported that IxBZ” mice expressly ex-
hibit severe, spontaneous ocular surface inflammation ac-
companied by the eventual loss of almost all goblet cells?"
and that they also manifest perioral- and skin inflammation
(Fig. 2A)? as do patients with SUS/TEN with MI?24, More-
over, as some l«B¢ knock-out (KO) mice present with ocular
surface inflammation with corneal opacity (Fig. 2A)'® we con-
sidered them a suitable model for SUS/TEN with MI'8.19.21.22)
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I«BZ-KO mice also exhibit oral mucositis, and airway in-
flammation (Fig. 2B)'®- Moreover, |«B{/Stat6 double knock-
out (DKO) mice manifested severe dermatitis of the facial-
and the abdominal skin; they also exhibited paronychia (Fig.
2C) as is seen in human SJS/TEN with MI'®.

1«B¢ is induced by diverse pathogen-associated molecu-
lar patterns. It regulates NF-«B activity?® and is important
for Toll-like receptor signaling, which is essential for the in-
nate immune response. The spontaneous inflammation of
the ocular surface and oral cavity seen in |«B¢ KO mice
suggests that dysfunction/abnormality of innate immunity can
lead to mucosal inflammation and we postulated that it may
also play a role in human ocular surface inflammatory disor-
ders.

While the presence of commensal bacteria such as S.
epidermidis and P. acnes on the normal ocular surface does
not elicit a response and no inflammation is induced'® ', a
hyper-inflammatory reaction against bacteria may result in
ocular surface inflammation. SUS/TEN patients with Ml of-
ten develop severe ocular surface inflammation in the pres-
ence of bacteria such as MRSA or MRSE on their ocular
surface. Elderly hospitalized patients do not exhibit severe
ocular surface inflammation despite the presence of MRSA
or MRSE on the ocular surface and the severity of ocular
surface inflammation in SUS/TEN patients with Ml is greatly
reduced by treatment with antibiotics against MRSA or
MRSE® 19,

Under the hypothesis of a relationship between a disor-
dered innate immune response and SJS/TEN with MI we
performed gene expression analysis of monocytes which play
an essential role in innate immunity. When we incubated
monocytes for 1 hr with or without lipopolysaccharide (LPS)
we found that IL-4R gene expression was different in SJS/
TEN patients with Ml and the controls. Upon LPS stimula-
tion it was down-regulated in patients and slightly up-regu-
lated in the controls despite large individual differences with
respect to LPS reactivity'”. Our findings suggest that IL-4R
expression is linked to innate immune responses and that
the differences in IL-4R gene expression might play an im-
portant role in the pathophysiology of SUS/TEN with MI.

SNP association analysis by the candi-
date gene approach

SJS/TEN with MI can be induced by drugs. However, not
all patients treated with drugs develop SJS/TEN with Ml and
but rare patients develop SJS/TEN with MI. To test our hy-



Special Issue (Review Article) Genetic susceptibility for SIS/TEN with mucosal involvement
Inflammation and Regeneration Vol.33 No.5 November 2013 252

Fig. 2 Phenotype and histological findings
in -KO- and |1« B¢ /Stat6-DKO mice,
a suitable model for human SJS/

IxBL(+/+) Stat6(-/-)

Eﬁ TEN with severe mucosal involve-
ment

(A)Phenotype of IkBZ KO mice

Photographs of the face and perioral skin of 32-
week-old 1kB¢* and |«B{” mice taken 27
weeks after symptom onset. While | « B { *
mice were free of inflammation (a-d), |« B¢ ”
mice exhibited a severe inflammatory pheno-
type. Their inflammation involved the ocular
surface, eyelids, and perioral skin. Some of
these mice manifested corneal opacity with ocu-
lar surface inflammation (e-h).

(B)Histological findings on the palpebral con-
junctiva, perioral skin, oral mucosa, and trachea of 1« B¢ * and |1« B¢ mice. We observed no pathological changes such as inflammatory
phenotypes in 1« B¢ * mice (a-d).

However, the palpebral conjunctiva of an |« B¢ mouse (at 2 weeks after the onset of inflammatory symptoms) revealed heavy infiltration by
inflammatory cells into the submucosa and loss of goblet cells (arrows in a) in the conjunctival epithelia (e). The perioral skin of the 1B ” mouse
showed 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 (f). The oral mucosa of another 1« B¢ * mouse (at 9 weeks post-onset) revealed spongiosis in the
epithelium and infiltration by inflammatory cells into the submucosa under the oral mucosal epithelia (g). In the trachea of anotherl«B¢ * mouse

IKBE+H- mice

IkBE-/- mice

(at 8 weeks post-onset) we found infiltration of inflammatory cells into the submucosa under the tracheal epithelia (h).

Each bar represents 50 xm

(C)Phenotype and histological findings in an |« B { /Stat6é double-KO mouse.
No obvious dermatitis or paronychia was observed in Stat6 single-KO mice (a-d). However, in the |« B¢ /Stat6-DKO mouse severe inflammatory
symptoms were elicited on the ocular surface and not only the facial- but also the abdominal skin was involved (e, f). The |« B ¢ /Stat6 WKO

mouse also manifested paronychia (g, h).
(Reprinted with permission from Ueta et al.*® 19)

pothesis that there is a genetic predisposition in individuals
who develop SJS/TEN with Ml we performed SNP associa-
tion analysis using the candidate gene approach.

1)TLR3

We first analyzed SNPs of TLR3, which ligand is a viral
double strand RNA (dsRNA), because there is an associa-
tion between the onset of SUS/TEN with MI and infection.
Many SJS/TEN patients with MI, experienced prodromata
including nonspecific fever, coryza, and sore throat that
closely mimic upper respiratory tract infections commonly
treated with antibiotics'®. Elsewhere we documented that the
human ocular surface epithelium (corneal and conjunctival
epithelium) harbors messages for most TLRs, that TLR3 is
the most highly expressed TLR, and that the cell-surface
TLRS3 of human ocular surface epithelial cells responds to
viral dsRNA-mimic polyl:C to generate pro-inflammatory
cytokines and IFN- 5 (Ueta, 2005 #38;Ueta, 2010 #101) .

Analysis of the 17 SNPs of TLR3 showed that 7 SNPs

were associated with SUS/TEN with Ml in 110 samples from
patients and 206 control samples?® 2"). There were associa-
tions with TLR3 rs.5743312T/T SNP (T/T vs T/C+C/C:
p=2.5x10%, OR=7.4), TLR3 rs.3775296T/T SNP (T/T vs T/
G+G/G: p=8.2x10%, OR=5.8), TLR3 rs.6822014G/G SNP (G/
G vs G/A+A/A: p=1.2x10*, OR=4.8), TLR3 rs.3775290A/A
SNP (A/A vs A/G+G/G: p=7.1x10%, OR=2.9), TLR3 rs.
7668666A/A SNP (A/A vs A/G+G/G: p=1.2 x103, OR=2.7),
TLR3 rs.4861699G/G SNP (G/G vs G/A+A/A: p=4.2x10%,
OR=2.3), and TLR3 rs.11732384G/G SNP (G/G vs G/A+A/
A: p=8.5 x103, OR=1.9) (Table 1)?".

We hypothesized that microbial infection elicited by viruses
and/or drugs may trigger a disorder in the host innate im-
mune response and that this event is followed by aggra-
vated mucosal inflammation of the ocular surface and skin.
Our findings suggest that genetic and environmental factors
play a role in an integrated etiology of SUS/TEN with MI and
that there is an association between SJS/TEN with Ml and
disordered innate immunity3- 18 19.26.27),
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Table 1 Association between TLR3 SNPs and SJS/TEN with
mucosal involvement

rs number | Genotypes Cases Controls|  Allele 1 Genotype Genotype
of SNP (m=110) | (n=206) vs. Allele 2 11 vs. 11412 vs.
(%) 12422 22
P-value® P-value” P-value®
OR" OR" OR®
. (95%CI%) (95%CI°) | (95%CI)
rsd861699 | 11 | G/G 63/110 T9/206 0.0016 4.2x107 0.28
(59.1%) | (38.3%)
12 | G/A | 36/110 | 102/206 1.80 2.32 1.55

(32.7%) | (49.5%)
22 | A/A 9110 25206 | (1.25-2.59) | (1.45-3.72) | (0.70-3.45)
(8.2%) | (12.1%)

16822014 | 11 [ A/A | 55110 1277206 [ 8.9x107 0.046 1.2x107
(50.0%) | (61.7%)
12 | A/G | 37110 | T1/206 0.54 0.62 0.21

(33.6%) | (34.5%)
22 | GIG | 18110 | 87206
(16.4%) | (3.9%)

(0.37-0.78) | (0.39-0.99) | (0.09-0.49)

rs11732384 | 11 | G/G | 72/110 | 103/206 0.029 0.0085 0.88
(65.5%) | (50.0%)
12 | G/A | 31110 | 89/206 1.54 1.89 1.07

(28.2%) | (43.2%)
22 | A/A 7110 14/206 | (1.04-2.28) | (1.17-3.06) | (0.42-2.74)
(6.4%) | (6.8%)

rs3775296 | 11 | G/G | 497110 | 109206 0.0020 0.16 8.2x10™
(44.5%) | (52.9%)
12 | GIT 40/110 | 897206 0.58 0.71 0.17

(36.4%) | (43.2%)
22 | TT 21110 81206
(19.1%) | (3.9%)

(0.40-0.82) | (0.45-1.14) | (0.07-0.40)

rs3743312 | 11 | C/C | 52/110 | 115/206 0.0014 0.15 2.5x107
(47.3%) | (55.8%)
12 | C/T | 38/110 | 85/206 0.56 0.71 0.14

(34.5%) | (41.3%)
2| T | 20010 | 6206
(18.2%) | (2.9%)

(0.39-0.80) | (0.45-1.13) | (0.05-0.35)

7668666 | 11 | C/C | 36/110 | 83/206 0.0085 0.19 o012
(32.7%) | (40.3%)
12 | C/A | 47110 | 101206 0.64 0.72 0.37

(42.7%) | (49.0%)
22 | AA | 27100 | 22/206 | (0.46-0.89) | (0.44-1.17) | (0.20-0.68)
(24.5%) | (10.7%)

rs3775200 | 11 | G/G | 38110 | 82/206 0.016 0.36 T1x107
(34.5%) | (39.8%)
12 | G/A | 45/110 | 103/206 0.66 0.80 0.35

(40.9%) | (50.0%)
22 | A/A| 2710 | 21206 | (0.48-0.93) | (0.50-1.29) | (0.18-0.65)

(24.5%) | (10.2%)

2P-value for allele- or genotype frequency comparisons between pa-
tients and controls using the chi-square test.

POR, odds ratio.

¢Cl, confidence interval.

(Reprinted with permission from Ueta et al.?”)

2)IL-4R

We also examined SNPs of IL-4R genes because our gene
expression analysis had shown that IL-4R gene expression
was different in SUS/TEN patients with MI and the controls'.

We compared lle50Val (rs.1805010), GIn551Arg
(rs.1801275), and Ser478Pro (rs.1805015) polymorphisms
in Japanese patients with SUS/TEN with Ml and healthy Japa-
nese volunteers. Among the 3 SNPs of IL-4R, GIn551Arg
showed a significant association'® '@ with the allele frequency
(Avs G, p value = 0.0046, OR = 2.3) and the dominant model
(A/A vs A/G + G/G, p value = 0.0042, OR = 2.4) in the 110
patients and the 220 controls. With respect to GIn551Arg
polymorphisms, GIn551- but not Arg551 alleles were signifi-
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cantly increased in SJS/TEN patients with MI'® 2. Others
had shown that Arg551 alleles were significantly increased
in patients with asthma?® and atopy?®. SJS/TEN with Ml was
associated with GIn551Arg, shown to have no effect on IgE
synthesis®?, but not with lle50Val and Ser478Pro associated
with IgE synthesis® 3. To investigate the relationship be-
tween serum IgE and SJS/TEN with MI we assayed total
IgE. We found no significant difference between SJS/TEN
patients with MI and the controls with respect to the inci-
dence of high total serum IgE'™. This indicates that serum
IgE was not associated with SUS/TEN with MI and coin-
cides with our earlier finding of an association between SJS/
TEN with Ml and GIn551Arg, which has no effect on IgE
synthesis™.

A strong genetic predisposition underlies the manifesta-
tion of allergic diseases such as asthma and atopy and IL-
4R is a representative candidate gene®39. While our results
suggest an association with IL-4R gene polymorphism,
GIn551Arg, in Japanese patients with SJS/TEN with MI, we
posit that SUS/TEN with Ml is different from allergic diseases
because the ratio of each allele in the polymorphisms was
the opposite of the ratio reported in atopy and asthma'® 2.

As we also found that IL-4R-specific mMBRNA was down-
regulated in human ocular surface epithelial cells upon their
stimulation with Polyl:C that mimics viral components, we
suggest that IL-4R is linked with innate immunity.

Genome-wide association study (GWAS)

For a detailed understanding of the pathophysiology of
SJS/TEN with Ml we performed GWAS of more than 10°
SNPs. GWAS permits the identification of genetic loci and
genes associated with complex human traits without bias or
a priori knowledge of the function or involvement of genes in
the disease pathway. GWAS using the Affymetrix GeneChip
mapping 500K array set detected 3 SNPs (rs1325975: chr6,
rs17131450: chr1, rs11238074: chr11) that were significantly
associated with SUS/TEN with MI'®. Because SNPs
rs1325975 and rs11238074 were from the “gene desert”
region we focused on SNP rs17131450 which mapped close
to the PTGER3 gene located in the 1p31 region of the hu-
man genome'. Based on our GWAS results we performed
fine-mapping analysis of the PTGER3 region using a cus-
tom DNA array to analyze the SNPs in and near PTGERS.
We identified 5 other significantly associated (p < 0.01) SNPs,
i.e. rs5702, rs1325949, rs7543182, rs7555874, and
rs4147114'9). One of the 6 SNPs in PTGER3 (rs5702) was
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Table 2 Association between EP3 SNPs and SJS/TEN with
ocular complications

rs number | Freguency of genotypes (%) Allele 1 Genotype Genotype
of SNP vs. Allele 11 s, 11412 vs,
2 12422 22
genotypes | control | case | P-value' P-value® P-value"
OR" OR" OR"
| ] | (95%CT) (95%CT) (95%CT°)
rs7555865 | 11 | C/C 479 45.7 0.10 0.69 0.0083
12 | CT 42,5 345 - - 0.43
22| TT 9.6 19.8 - - (0.2-0.8)
rs17131450 | 11 | C/C 87.8 76.7 0.00069 0.0086 0.0039
12 | CT 1.8 18.1 0.41 0.46 0.08
2| TT | 05 52 | (0207 | (03-0.8) | (0.01-0.7)
rs5702 1| ciC 493 647 0.059 0.0072 0.6
12 | CT 43.0 259 - 1.88 -
22 | TIT 7.7 9.5 - (1.2-3.0) -
rs1325949 | 11 | A/A 47.5 69.0 0.0035 0.00017 (.88
12 | A/G 44.3 224 1.8 2.5 -
|22 |GiG | 81 | 86 | (12-26) | (15-3.9) -
rs2421805 11 | T 48.1 336 0.0014 0.012 0.0045
12 | TG 44.4 48.7 0.58 0.55 0.37
2| GIG| 74 17.7 | (0.4-0.8) | (0.3-0.9) | (0.2-0.8)
rs7543182 | 11 | G/G 50.7 70.7 0.0096 0.00041 0.54
12 | GIT 42.5 207 1.67 234 -
22 | TT 6.8 8.6 (1.1-2.5) (1.5-3.8) -
rs. 7555874 | 11 | G/IG 50.7 69.8 0.014 0.00074 0.54
12 | G/A 42.5 21.6 1.62 225 -
22 | A/A 6.8 8.6 (1.1-2.4) (1.4-3.6) -
rs 1409981 I | G/G 84.7 733 0.0021 0.012 0.040
12 | G/A 13.0 19.8 0.48 0.49 0.32
22 | A/A 2.3 6.9 (0.3-0.8) (0.3-0.9 (0.1-1.0)
rs.4147114 | 11 | C/C 244 43.1 0.0012 0.00042 0.10
12 | C/G 53.4 422 1.72 2.34 -
22 | G/G 22 14.7 (1.2-2.4) (1.5-3.8) -
rsd147115 0 11 | A/A 25.5 39.5 0.023 0.0098 0.34
12 | AT 46.7 376 1.46 1.91 -
2| TT 27.8 229 (1.1-2.0) (1.2-3.1) -
rsd650093 | 11 | C/C 51.4 65.5 0.092 0.013 0.44
12 | CT 423 259 - 1.8 -
2| TT 6.4 8.6 - (1.1-2.9) -
sl 7131478 | 11 | GIG 61.6 4.6 0.035 0.018 0.79
12 | G/IT 342 219 1.59 1.8 -
2| TT 4.1 3.5 (1.0-2.5) (1.1-3.0) -
rs17131479 | 11 | C/C 62.2 75.0 0.039 0.018 0.91
12 | C/G 34.1 21.6 1.58 1.8 -
22 | G/IG 3.7 3.4 (1.0-2.4) (1.1-3.0) -
37521005 | 11 | A/A 51.6 65.5 0.10 0.014 0.44
12 | AG | 421 259 - 1.8 -
2 |GG | 63 8.6 ; (1.1-2.8) .
rs7541002 | 11 | G/G 62.4 748 (.00 0.023 0.77
12 | G/A 335 21.7 1.57 1.8 -
22 | A/A 4.1 3.5 (1.0-2.4) (1.1-3.0) -
rs1359835 | 11 | G/G B8.6 79.1 0.0047 0.019 0.030
12 | GfC 10.9 17.4 0.45 0.49 0.13
122 | CiIC | 035 35 | (0.3-0.8) (0.3-0.9) (0.01-1.1)
rs1327464 | 11 | G/G 88.2 78.4 0.0043 0.017 0.031
12 | G/A 1.3 18.1 0.46 0.49 0.13
2 | AlA | 0.5 34 | (0308 | (03-09) | (0.01-1.1)
rs1409161 | 11 | G/G 30.8 259 0.040 0.35 0.014
12 | G/A 51.6 448 0.72 - 0.52
2 | A/A | 176 | 293 | (0.5-1.0) - (0.3-0.9)
rs34885906 11 | TVT 85.5 94.0 0.026 0.021 0.0
12 | T/IC 14.5 6.0 2.5 2.6 -
22 | C/IC 0.0 0.0 (1.1-5.8) (1.1-6.2) -
rs2817864 | 11 | TT 53.4 61.2 0.056 0.17 0.021
12 | TG 40.3 37.9 - - T8
22 | GIG 6.3 0.9 (1.0-59.9)

2P-value for allele- or genotype frequency comparison between pa-
tients and controls using the chi-square test.

®OR, odds ratio.

¢Cl, confidence interval.

(Reprinted with permission from Ueta et al.?®)
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in an exon as a silent SNP (sSNP), 4 (rs1325949, rs7543182,
rs7555874, rs4147114) were in introns (iISNPs), and the re-
maining SNP (rs17131450) was a genome SNP'®. We sub-
sequently analyzed another 32 SNPs of PTGER3 gene.
Therefore, we analyzed a total of 38 SNPs of PTGER3 in
116 patient- and 221 control samples and we found that 20
SNPs were associated with SUS/TEN with mucosal MI (Table
2)%),

We also examined the expression of EP3 (the protein of
PTGERS3) in normal human conjunctival epithelial cells be-
cause EP3 is constitutively expressed in mouse conjuncti-
val epithelial cells®®. RT-PCR assay showed that normal
human conjunctival epithelial cells expressed PTGER3
mRNA and immunohistochemistory confirmed the presence
of EP3 protein'> %), However, we did not find EP3 protein
when we looked for the expression of EP3 in the conjuncti-
val epithelium of SJS/TEN patients with Ml although the pro-
tein was present in control conjunctival epithelium from pa-
tients with conjunctivochalasis (Fig. 3)'%%.

Our finding that compared to the controls, the expression
of EP3 was greatly reduced in the conjunctival epithelium of
patients with SUS/TEN with M| supports the genetic asso-
ciation between EP3 gene polymorphisms and SJS/TEN with
MI and suggests that EP3 contributes functionally to the
pathogenesis of SUS/TEN' 33,

Cold medicines including NSAIDs can inhibit the produc-
tion of the EP3 ligand PGE-2. Because about 80% of our
SJS/TEN patients with MI had used cold medications, pos-
sibly including NSAIDs, before disease onset, we posited
that the observed PTGER3 polymorphisms are associated
with a cold medicine-related susceptibility to SUS/TEN with
MI'9. Our findings support the hypothesis that EP3 is involved
in the development of SUS/TEN with M.

SJS/TEN with Ml and HLA

Earlier we reported that HLA-A*0206, absent in Cauca-
sians, was strongly associated with SUS/TEN with Ml in Japa-
nese patients' 3. An American ophthalmologists® reported
that the HLA-B12 (HLA-Bw44) antigen was significantly in-
creased in Caucasian SJS/TEN patients with Ml and French
dermatologists® 3" documented a significant increase in the
HLA-B12 antigen in Caucasian SJS/TEN patients.

HLA-DQB1*0601 was reported to be associated in Cau-
casians with SJS with MI®®. Qur failure to detect this asso-
ciation in our patients' suggests strong ethnic differences
in the HLA-SJS/TEN association.
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EP3 |

isotype [,

Fig. 3 Immunohistological analysis of pros-
taglandin E receptor subtype EP3 in
the conjunctival epithelium of the con-
trols and SJS/TEN patients with mu-
cosal involvement

(A)Nearly normal conjunctival tissues from patients

with conjunctivochalasis.

(B)Normal conjunctival tissue.

(C)Keratinized conjunctival tissues of SIS/TEN

patients in the chronic stage.

(D)Non-keratinized conjunctival tissues of SJS/

TEN patients in the sub-acute stage.

(E)Non-keratinized conjunctival tissues of SJIS/TEN

patients in the chronic stage.

(F)Visibly normal conjunctival tissue of an SJIS/TEN

patient with minor ocular sequelae (dry eye).

(C-F)The 3rd lane shows the ocular surface of SJS/

TEN patients.

Each scale bar represents 100 xm

(Reprinted with permission from Ueta et al.>¥)

With respect to the connection between drugs and severe
cutaneous adverse reactions (SCAR) including SJS and TEN,
there appears to be an association between the HLA-B*1502
allele® / HLA-A*310149 and carbamazepine-induced SCAR
and between the HLA-B* 5801 allele and allopurinol-induced
SCAR*-9), In carbamazepine-induced SCAR, the HLA-B*1502
allele showed a very strong association with carbamazepine-
induced SJS/TEN in Han Chinese of Taiwan®. In the Japa-
nese, the HLA-A*3101 allele exhibited a strong association
with carbamazepine-induced SCAR including SJS/TEN and
drug-induced hypersensitivity (DIHS)*?. In allopurinol (a uric
acid-lowering drug)-induced SCAR (including SJS, TEN, and
DIHS) there was a strong association with HLA-B* 5801 in
Han Chinese-*, Caucasian-*?, and Japanese patients*?,
suggesting a universal strong allopurinol-specific association
between HLA-B*5801 and allopurinol-induced SCAR. How-
ever, allopurinol-induced SCAR may not elicit serious mu-
cosal involvement at sites that include the ocular surface*?.

Epistatic interaction associated with SJS/
TEN with Ml
1)Interaction between the TLR3 and the EP3 gene

We showed that polymorphisms in PTGERS3, the gene of
EP3, a ligand of PGE-2, were significantly associated with
SJS/TEN with MI'® and that the PGE2-EP3 pathway down-
regulates the progression of murine experimental allergic
conjunctivitis (EAC)3?. We also documented that TLR3 poly-
morphisms are associated with SUS/TEN with MI'¥, that the
human ocular surface (corneal and conjunctival) epithelium
strongly expresses TLR3, and that cytokine production is
up-regulated by polyl:C, a TLR3 ligand in the ocular surface
epithelium'® .45, Based on these findings we examined the
function of EP3 in polyl:C-stimulated primary human con-
junctival epithelial cells using an EP3 agonist. We found that
the EP3 agonist significantly suppressed the production and
mRNA expression of CCL5, CXCL10, CXCL11, IL-6, TSLP,
and MCP-1 in polyl:C-stimulated primary human ocular sur-
face (corneal and conjunctival) epithelial cells. This suggests
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Good balance
between TLR3 and EP3

Production of TSLP, CCLS,
MCP-1, IP-10, etc.
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Unbalance
between TLR3 and EP3

Fig. 4 Lack of balance between TLR3 and EP3 might trigger
ocular surface inflammation
(Reprinted with permission from Ueta et al.'?)

that cytokine production by ocular surface epithelial cells in
response to polyl:C stimulation can be suppressed via the
activation of EP34-49.

In the past decade, SNPs were widely used as genetic
markers for identifying human disease-susceptibility genes.
It is now known that besides major single-locus effects, gene-
gene interactions must also be considered®. In particular,
non-additive (epistatic) models for some complex diseases
fit with actual observations, suggesting interactions involving
multiple loci®”. We found a variable with susceptible effects
on SJS/TEN with MI; these effects were involved in locus-
pairs of PTGER3-TLR3. The PTGER3rs.4147114G/C- and
the TLR3rs.3775296T/T SNPs exhibited a higher odds ratio
(OR: 25.3, p = 0.0000527) than did the TLR3rs.3775296T/T
SNP (OR: 5.35, p=0.00025) or the PTGER3rs.4147114G/C
SNP (OR: 2.66, p = 0.0023) alone?®.

Elsewhere we reported that compared to wild-type mice,
conjunctival eosinophilic infiltration in EAC was significantly
more marked in EP3-KO mice®? and significantly less marked
in TLR3-KO mice®?. In EP3/TLR3-DKO mice the number of
eosinophils in the lamina propria mucosae of the conjunc-
tiva was decreased to a level similar to that in TLR3-KO mice;
it was significantly lower than in EP3-KO- and wild-type
mice?®. Therefore, our findings suggest that in EAC, EP3
negatively regulates the eosinophilic infiltration induced by
TLR320).

Our studies provide evidence of functional interactions
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between TLR3 and EP3 that might exert susceptibility ef-
fects with respect to SUS/TEN with Ml and that the interac-
tions are epistatic®®. Consequently, we strongly suspect that
an imbalance (a lack of balance) between TLR3 and EP3
can trigger mucosal inflammation at sites such as the ocular
surface (Fig. 4).

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

We also examined the multiplicative interaction(s) between
HLA-A*0206 and 7 TLR3 SNPs in patients with SUS/TEN
with MI. To study these interactions we analyzed the geno-
types of HLA-A and 7 TLR3 SNPs in 110 Japanese SJS/
TEN patients with severe Ml and 206 healthy volunteers.
We found that HLA-A*0206 exhibited a high odds ratio for
SJS/TEN with MI (carrier frequency: OR=5.1; gene fre-
quency: OR=4.0) and that there was a strong association
with TLR3 rs.5743312T/T SNP (OR=7.4), TLR3
rs.3775296T/T SNP (OR=5.8), TLR3 rs.6822014G/G SNP
(OR=4.8), TLR3 rs.3775290A/A SNP (OR=2.9), TLR3
rs.7668666A/A SNP (OR=2.7), TLR3 rs.4861699G/G SNP
(OR=2.3), and TLR3 rs.11732384G/G SNP (OR=1.9)>". Our
findings also suggest that the HLA-A*0206 - TLR3 SNP
rs3775296T/T pair, which exhibited strong linkage disequi-
librium (LD) with TLR3 rs.5743312, exerted more than addi-
tive effects (OR=47.7), and that the other pair, i.e. HLA-
A*0206 - TLR3 rs.3775290A/A SNP (OR=11.4) which was
in strong LD with the TLR3 rs7668666A/A, and HLA-A*0206
- the TLR3 rs4861699G/G SNP (OR=7.6) exerted additive
effects that were stronger than the interactions within the
TLR3 gene alone?” (Fig. 5). These observations suggest that
multiplicative interactions of HLA-A and the TLR3 gene may
be required for the onset of SUS/TEN with MI.

Summary and Future Direction

In summary, not only environmental- but also genetic fac-
tors, including epistatic interactions, might play a role in an
integrated etiology of SUS/TEN with MI. Since SJS/TEN with
Ml is very rare and probably has a complex genetic back-
ground, it is reasonable to posit that multiplicative interac-
tions of genes are required for its phenotypic manifestation.

We also suggest that the pathogenesis of SUS/TEN with
Ml is associated with innate immune reaction abnormalities,
especially those related with the epistatic interactions be-
tween TLR3 and EP3. Focusing on the innate immunity of
the ocular surface might help to elucidate the pathogenesis
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of ocular surface inflammatory diseases such as SUS/TEN
with Ml (Fig. 6).

It might be possible that the prophylaxis of SUS/TEN with
MI will be created with prediction of the onset of the disease
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using these genetic predispositions. Moreover, the elucidate

of the genetic predisposition might lead to reveal the patho-
logical mechanism of SUS/TEN with MI and, furthermore, lead
to establish the new treatment based on the pathological
mechanism.
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