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expression. To investigate the contribution of anti-NF-kB
mediated pathways in the anti-AD effects of LR extracts, 1kBa,
COX-2 and iNOS were measured in the mouse epidermis by
Western blot. As can be seen in Fig. 2A, IkBa was significantly
decreased in the epidermis by Ox treatment, whereas COX-2 and
iNOS were increased. The treatment of LR extracts (500 mg/kg)
attenuated the IkBa degradation by 31% (Fig. 2B), while COX-2
and iNOS expression were inhibited by 82% (Fig. 2C) and 74%
(Fig. 2D), respectively. In case of PDS, 3 mg/kg attenuated IkBa
degradation by 20% and suppressed COX-2 and iNOS by 80% and
22%, respectively.

In conclusion, we demonstrated that oral administration of LR
extracts can manifest anti-AD effects in chronic Ox-induced AD in
mouse as shown by recovery of skin barrier disruption, serum IgE
decrease and prominent clinical and histopathological improve-
ment. Attenuation of IkB degradation and suppression of COX-2
and iNOS were shown to mediate these anti-AD effects of LR
extracts. In addition, we could demonstrate that Ox-induced
murine AD model can be a useful model for the evaluation of anti-
AD effects of potential drug candidates for the treatment of AD.
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Letter to the Editor

The compound heterozygote for new/recurrent COL7A1 muta-
tions in a Japanese patient with bullous dermolysis of the
newborn

To the Editor,

Transient bullous dermolysis of the newborn (TBDN; OMIM
131705)is arare genodermatosis characterized by mucocutaneous
blisters and erosions at birth, which remit spontaneously within
several months with minimal scarring. About 30 cases of this
disorder have been reported thus far. According to the publication
in 2008 for the Third International Consensus Meeting on
Diagnosis and Classification of Epidermolysis Bullosa, it was
recommended that the name TBDN be changed to “bullous
dermolysis of the newborn (BDN)" because the disease is not
always transient, and rare patients continue to blister beyond the
newborn period [1]. Immunofluorescence with anti-type VI
collagen antibody reveals a granular pattern within the epidermis.
Ultrastructural examination reveals separation of the dermal-
epidermal junction below the lamina densa, impaired anchoring
fibrils in reduced numbers, and dilated rough endoplasmic
reticulum containing electron-dense stellate bodies in basal and
some suprabasal keratinocytes. Thus, BDN is thought to be a rare
form of dystrophic epidermolysis bullosa (DEB). DEB results from
mutations in COL7A1, encoding type VII collagen, which is the
major component of anchoring fibrils at the dermal-epidermal
junction. Over 300 different mutations have been reported
throughout the world. Recent genetic investigations in four
families have shown that BDN also results from COL7AT mutations

{2-5]. In this study, we investigated COL7AT gene pathology in an
additional Japanese patient with BDN and identified compound
heterozygous new/recurrent mutations.

The patient was a male infant who was the offspring of healthy
unrelated Japanese parents. At birth, widespread blisters and
erosions were noted on the trunk and extrernities (Fig. 1A). Three
months later, the tendency to form blisters decreased and erosions
healed with milia (Fig. 1B). Light microscopy revealed subepi-
dermal blisters. Immunofluorescence with anti-type Vil collagen
monoclonal antibody showed granular deposits within basal
keratinocytes and slight reduction of linear staining at the
dermal-epidermal junction (Fig. 1C). Electron microscopy revealed
blister formation beneath the lamina densa. Examination of
unblistered dermal-epidermal junctions showed poorly formed
anchoring fibrils present at reduced numbers and containing large
granular perinuclear inclusions (steilate bodies) in basal kerati-
nocytes (Fig. 1D). These features suggested a diagnosis of BDN. By
one year of age, no further blister formation occurred. However,
minimal scarring and nail dystrophy remained present.

All described studies were performed following permission
from the medical ethical committee of Kurume University School
of Medicine. Written informed consent was obtained from the
patient’s legal guardian and the study was conducted according to
the Declaration of Helsinki Principles. Genomic DNA from the
patient was extracted from peripheral blood using standard
methods. For mutation analysis, polymerase chain reaction
(PCR) fragments were amplified with pairs of primers spanning
all 118 exons of COL7A1. The mutation detection strategy consisted
of heteroduplex scanning by conformation-sensitive gel electro-
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Fig. 1. BDN patient in the present study. {A) Widespread blistering and erosiens on the trunk and extremities at birth. (B) Blisters and erosions healed, with many milia at the
age of three months; no further blister formation visible. (C) Anti-type Vi collagen monoclonal antibody LH 7:2 immunofiuorescent staining of skin from the patient showing
a widespread punctate and granular pattern within the epidermis and markedly reduced linear staining at the dermal-epidermal junction, compared to the normal control
skin (original magnification 200x). (D) Transmission electron microscopy showing a large granular perinuclear inclusion (stellate body) within the basal keratinocyte
cytoplasm (arrow), as well as reduced numbers of poorly formed anchoring fibrils. N, nucleus; bar = 1 wm. (E) Direct sequencing of the patient's COL7AT gene showing
compound heterozygosity for a donor splice site/missense combination mutation: ¢.682+1G>A and p.Gly1910Ser. (F) Restriction endonuclease digestion of PCR products
using BspHI(left) and Apal (right). The left panel shows that the heterozygous DNA containing the mutation ¢.682+1G>A(patient and mother) digested into fragments of 399-
and 216-bp in size, By contrast, there is an additional undigested band of 555-bp in amplified mutant DNA. The PCR products from the father and control show the absence ofa
solitary BspHI cut-site. The right panel shows that the heterozygous DNA containing the mutation p.Gly1910Ser (patient only) has the absence of a solitary Apal cut-site,
There are additional digested bands of 211- and 127-bp in amplified mutant DNA. The PCR products from the father, mother and control digested into fragments of 211- and
127-bp in size.

phoresis. The corresponding PCR products showing heterodu- mutations were confirmed by restriction endonuclease digestion
plexes were sequenced using Big Dye labeling in an ABI310 genetic (Fig. 1F). The p.Gly1910Ser mutation has not been reported
analyzer (Applied Biosystems, Foster City, CA). Direct nucleotide previously and this variant was not detected in 100 ethnically
sequencing identified compound heterozygosity for a donor splice matched controls. Neither mutation has been described before in
site/missense combination of mutations; i.e, c.682+1G>A and BDN, although the ¢.682+1G>A mutation had been identified in a
p.Gly1910Ser {GenBank NM_000094) (Fig. 1E). The c.682+1G>A patient with severe generalized recessive DEB [6].

was found in genomic DNA from the mother. Whereas the The etiology of BDN is currently unknown. Immunofluores-
p.Gly1910Ser variant was not found in genomic DNA from the cence with anti-type VI collagen antibody demonstrates a
father, suggesting that it represented de novo mutations. These strikingly weak staining on the basement membrane, but a strong
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Table 1

COL7A1 mutations published to date in patients with BDN (including this case).
Mutation Inheritance Location Protein domain Consequences Reference
¢4120-1G>C AD Intron 35 THC In-frame exon skipping [2]
p.Gly1519Asp/p.Gly2551Glu AR Exon 44/Exon 86 THC/THC GS/GS {31
p.Gly1522Clu AD Exon 45 THC GS {41
c.5504delA[p.Arg2008His AR Exon 64/Exon 73 THC/THC PTC/missense [5]
c.682+1G>A/p.Gly1910Ser AR Intron 5/Exon 68 CMP{THC PTC/GS This case

Abbreviations: AD, autosomal dominant; AR, autosomal recessive; THC, triple helical collagenous domain; CMP, cartilage matrix protein; GS, glycine substitution; PTC,

premature termination codon.

intracellular staining in basal and suprabasal keratinocytes,
although similar findings have been reported in other forms of
DEB. Interestingly, these abnormal findings revert to linear
distribution along the dermal-epidermal junction, with focal
intraepidermal deposits of type VII collagen within some basal
keratinocytes, following cessation or at least marked reduction in
the intensity and frequency of blistering [4]. On ultrastructural
examination, the stellate bodies within dilated rough endoplasmic
reticulum also correspond to intraepidermal deposits of type Vil
collagen.

So far, six different COL7A1 mutations have been described
in four families with BDN with either an autosomal dominant
or an autosomal recessive inheritance, as detailed in Table 1.
The p.Gly1522Glu and c.5504delA in six mutations have been
reported previously in patients with other forms of DEB, DEB
pruriginosa and generalized other recessive DEB, respectively
{7.8].

Here, we studied a Japanese patient with BDN who manifested
compound heterozygous mutations c.682+1G>A and p.Gly1910-
Ser in COL7A1. Dominant DEB has been shown predominantly to
be associated with glycine substitutions (GS) within the triple
helical collagenous domain of type VI collagen. The hetero-
zygous GS interfere with the triple helical assembly of type VII
collagen, leading to milder dominant phenotypes. However,
some GS are ‘silent’ in the heterozygous state and cause disease
only when combined with another COL7AT mutation [9]. The
p.Gly1519Asp mutation has been reported previously as a ‘silent’
GS in a patient with BDN {3]. Because p.Gly1910Ser was not
found in genomic DNA from the unaffected father, it is not
clear whether p.Gly1910Ser is a pathogenic or ‘silent’ GS in the
present case. The other mutation c.682+1G>A in this study has
previously been described in a patient with severe generalized
recessive DEB [6]. Analysis of this mutation in the patient’s mRNA
revealed a mutant transcript with inclusion of the entire intron
5 as a new exon, leading to a premature termination codon (PTC)
and nonsense-mediated mRNA decay. The clinical consequences
of recessively inherited pathogenic or ‘silent’ GS combined
with PTC are mild, moderate or severe recessive DEB [9].
Although our patient is the first case of compound heterozygosity
for a GS/PTC combination of COL7A1 mutations in BDN, there does
not appear to be any clear paradigm for genotype-phenotype
correlation.

Pathological features of BDN and molecular mechanisms
remain unclear. Further investigations will be necessary to define
the skin pathology of this genodermatosis.
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Controlled Release of Bone Morphogenetic Protein-2
Enhances Recruitment of Osteogenic Progenitor Cells
for De Novo Generation of Bone Tissue

Yu Kimura, Ph.D.;' Nobuhiko Miyazaki, M.Eng.! Naoki Hayashi, M.Eng.,
Satoru Otsuru, M.D., Ph.D. 2 Katsuto Tamai, M.D., Ph.D.? Yasufumi Kaneda, M.D., Ph.D.?
and Yasuhiko Tabata, Ph.D., D.Med.Sci., D.Pharm.

The objective of this study was to evaluate the cellular contribution to the phenomenon of de 11000 generation of
bone tissue induced by the controlled release of bone morphogenetic protein-2 (BMP-2). Gelatin hydrogels
(2 mg) incorporating BMP-2 (3 pg) with different water contents were subcutaneously implanted into the back of
enhanced green fluorescent protein-chimeric mice to induce the ectopic de novo generation of bone tissue. The
hydrogels incorporating BMP-2 could release BMP-2 at different time profiles. When evaluated radiologically
and histologically, the ectopic de novo generation of bone tissue was induced by the controlled release of BMP-2
from the hydrogels around the hydrogel-implanted site. The relative percentage number of green fluorescent
protein- to osteocalcin-positive cells recruited into the de novo generated bone tissue depended on the BMP-2
release profile. The higher the percentage, the stronger was the de novo generation of bone tissue. These findings
indicate that bone marrow-derived osteoblast progenitor cells were recruited from the blood circulation by BMP-
2 release and consequently contributed to the ectopic de novo generation of bone tissue. It is conceivable that the
local concentration of BMP-2 modifies the recruitment profile of progenitor cells with an osteogenic potential
around the release site of BMP-2, resulting in regulated volume of de novo generated bone tissue.

Introduction concejvable that a promoted recruitment of cells that are
inherently present in the body to a body site results in cell-
TISSUE ENGINEERING has been vigorously investigated based tissue regeneration at the site. If the i vivo recruitment
over the last 20 years to experimentally demonstrate the or fate of cells can be regulated by making use of their re-
biomedical feasibility of regeneration in medical therapy. cruitment mechanism, tissue regeneration based on the cells
The key components are cells, the scaffolds for cells attach-  present in the body can be achieved. We have developed
ment, proliferation, or differentiation, and biosignaling gelatin hydrogels for the controlled release of various bio-
molecules for cell proliferation and differentiation. Various signaling molecules, such as growth factors, chemokines,
precursor or stem cells have been extensively studied and the and genes, and succeeded in the regeneration and repairing
mechanisms of their differentiation into specific cell lineages  of various tissues.'® Among them, it is well-known that bone
have been clarified recently.? Among the well-recognized morphogenetic protein-2 (BMP-2) is a strong inducer of bone
mechanisms, it has been demonstrated that several soluble tissue formation through mesenchymal cell infiltration, dif-
factors interact with their cellular receptor and subsequently  ferentiation of mesenchymal cells into chondrocytes, dimin-
start the intracellular signals required for specific gene ex- ishment of chondroid tissue, and generation "of bone
pression. In addition, the matrix present around cells, so- tissue.)”1? Many researches have been reported for the
called extracellular matrix, also plays an important roleinthe  complete regeneration of bone tissue with BMP-2.%° In ad-
activation of signals and their biological functions.>™ dition, it has been reported that BMP-2 is able to enhance the
Recently, some research reports strongly suggest that stem  cells’ mobilization.” This activity is promising and useful
or precursor cells circulating in the blood and body are from the viewpoint that tissue regeneration can be achieved
originally present for hematopoiesis, vascularization, or through the recruitment of cells originally present in the
mesenchymal tissue regeneration.®'® Therefore, it is highly ~body.

"Department of Biomaterials, Institute for Frontier Medical Sciences, Kyoto University, Kyoto, Japan.
"Department of Molecular therapeutics, Graduate School of Medicine, Osaka University, Osaka, Japan.
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The objective of this study was to evaluate BMP-2-induced
de novo generation of bone tissue in terms of cell recruitment.
Previous research reports have demonstrated the contribu-
tion of bone marrow for bone fracture healing through
hematoma formation.”>* Although they indicated the pos-
sible contribution of growth factors in hematoma or bone
marrow cells to fracture healing, the characterization of cells
contributing for de novo generation of bone tissue was not
clarified. In this study, BMP-2 was incorporated into gelatin
hydrogels with different degradabilities for the controlled
release in different profiles. After the hydrogels incorporat-
ing BMP-2 were implanted subcutaneously, ectopic de novo
generation of bone tissue was evaluated by radiological and
histological examinations. We examined the effect of BMP-2
release profile on the recruitment of bone marrow-derived
osteoblast progenitor cells at the release site of BMP-2 and
the consequent de novo generation of bone tissue.

Materials and Methods
Materials

A gelatin sample with an isoelectric point of 9.0 was iso-
lated from the porcine skin by an acidic process of collagen
(Nitta Gelatin, Osaka, Japan). Na'*I (NEZ-033H, >12.95
GBq/mL) was purchased from Perkin-Elmer Life Sciences
(Boston, MA). Other chemicals were obtained from Wako
Pure Chemical Industries (Osaka, Japan) and used without
further purification.

Preparation of gelatin hydrogels

Chemically crosslinked gelatin hydrogels with glutaral-
dehyde (GA) were prepared according to a previously re-
ported method.?® Briefly, aqueous solution of 3 wt% gelatin
(pH 5.0) was mixed with GA at a final concentration of 0.16
and 0.09 wt%, respectively, followed by incubation at 4°C for
12h for gelatin crosslinking. The gelatin hydrogel cross-
linked was treated with 0.1 M glycine solution to block the
residual aldehyde groups. After washing with double-
distilled water for three times, the hydrogels were freeze-
dried. The crosslinking extent of prepared hydrogels was
evaluated by measuring the water content according to a
previously described method.”” The water contents of hy-
drogels prepared with higher and lower GA concentrations
were 97.5:£0.1 and 99.3 & 0.0 wt%, respectively.

In vivo release test of BMP-2 from gelatin hydrogels

All the animal experiments were performed according to
the Institutional Guidance of Kyoto University on Animal
Experimentation and with permission from the Animal Ex-
periment Committee of the Institute for Frontier Medical
Science, Kyoto University. All the surgical procedures were
performed under continuous inhalation anesthesia using
isoflurane (Forane®; Abbott Japan, Osaka, Japan) with 400
Anesthesia Unit (Univentor, Zejtun, Malta).

Human recombinant BMP-2 (Yamanouchi Pharmaceu-
tical, Tokyo, Japan) was radioiodinated through the con-
ventional chloramine T method as previously described.”®
Briefly, 5 L of Na!*I was added to 200 uL. of BMP-2 solution
(150 pg/mL) in 0.5M potassium phosphate buffer (pH 7.5)
containing 0.5M sodium chloride. Then, 0.2mg/mL of
chloramine-T in the same buffer (100pL) was added to the

KIMURA ET AL.

solution mixture. After agitation at room temperature for
2min, 100puL of phosphate-buffered saline (PBS; pH 7.4)
containing 0.4 mg of sodium metabisulfate was added to the
reaction solution to stop radioiodination. The reaction mix-
ture was passed through a PD-10 desalting column (GE
Healthcare Life Sciences, Giles, UK) to remove the un-
coupled, free "I molecules from the '*’I-labeled BMP-2
(9.0 pg/mL; removal ratio of free '*°1=97.0%).

PBS containing '*I-labeled BMP-2 (27.4uL, 9.0 pg/mL)
and PBS containing nonlabeled BMP-2 (2.6 L, 1mg/mL)
were mixed and dropped onto 2mg of freeze-dried gelatin
hydrogels, followed by incubation at 4°C for 12 h, to allow to
swell into the hydrogel. Following the implantation of gel-
atin hydrogels incorporating '?*IHlabeled BMP-2 into the
back subcutis of 6-week-old, female ddY mice (1820 g body
weight; Shimizu Laboratory Supply, Kyoto, Japan), tissue
around the implanted site was extracted at different time
intervals after hydrogel implantation, and the tissue radio-
activity was counted by a gamma counter to estimate the
in vivo time profiles of BMP-2 release (n=3, at each time
point).

Preparation of green fluorescent protein-chimeric mice

C57BL/6 transgenic mice that ubiquitously express en-
hanced green fluorescent protein (GFP) under the Cyto-
Megalovirus (CMV) early enhancer/chicken B actin (CAG)
promoter were provided by RIKEN BRC through the Na-
tional Bio-Resource Project of the MEXT, Japan. Preparation
of chimeric mice was performed according to a previously
reported procedure.”” Briefly, bone marrow cells were iso-
lated from 8- to 10-week-old, male transgenic mice under
sterile conditions.®® The cells were incubated with CD90.2
microbeads (no. 130-049-101; Miltenyi Biotec, Aubwrn, CA)
and RPMI 1640 medium at 8°C for 20min and passed
through large depletion (LD) column with Midi MACS
system (no. 130-042-901; Miltenyi Biotec) for depletion of
CD-90.2-positive T cells and prevention of subsequent
autoimmune attack. Eight- to 10-week-old, female C57BL/6
mice were irradiated lethally with 10 Gy of gamma ray. For
total bone marrow transplantation, 5x10° of bone marrow
cells prepared from GFP transgenic mice was intravenously
administered to recipient irradiated mice. After the trans-
plantation, the mice were bred for 10 weeks to complete the
replacement of bone marrow cells to GFP-positive cells. The

replacement ratio of bone marrow cells was 93.2% £ 1.5%

when evaluated by the fluorescence-associated cell sorter
method (FACS Calibur; BD Bioscience, Franklin Lakes, NJ).

In vivo assay of de novo generation of bone tissue

BMP-2 was dissolved in PBS at 100 pg/mL and the solu-
tion (B0uL) was dropped on the gelatin hydrogel (2mg)
to allow it to swell into the hydrogel. After incubation of
the hydrogels incorporating BMP-2 at 4°C for 12h, the hy-
drogels were implanted to the back subcutis of GFP-chimeric
mice. As a control, gelatin hydrogels incorporating PBS
were similarly implanted to the back of the mice. Then, the
tissue around the implanted sites was extracted at different
time intervals after hydrogel implantation, and the fluores-

“cent images of tissues were obtained by a digital micro-

scope (Multiviewer System VB-520; Keyence, Osaka, Japan).
De novo generation of bone tissue was radiclogically exam-
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ined by a soft X-ray machine (Hitex-100; Hitachi, Tokyo,
Japan) at 54kV and 2.5mA for 20s. Then the extracted tis-
sues were fixed with 4% paraformaldehyde at 4°C for 48h,
and the bone tissue was decalcified with PBS containing
9wt% ethylenediamine tetraacetic acid disodium salt and
10 wt% ethylenediamine tetraacetic acid tetrasodium salt
(EDTA solution) at 4°C for 6 days. The EDTA solution was
changed every other day. After decalcification, the pellets
were equilibrated in PB5 containing 15wt% sucrose for 12h
and then in PBS containing 30wt% sucrose for 12h, em-
bedded in Tissue-Tek OCT Compound (Sakura Finetek,
Tokyo, Japan), frozen on dry ice, and stored at —80°C. For
the histological examinations, 6-um-thick sections were cut
with a cryostat (Leica Microsystems AG, Wetzlar, Germany)
at the portion of implanted site as ceniral as possible, fol-
lowed by staining with hematoxylin and eosin. The area of
newly formed bone tissue was assessed in terms of histo-
logical image analysis using the computer program Image-
Pro Plus 3.01 (Media-Cybernetics, Silver Spring, MD).

Immunofiuorescence staining

After washing with PBS, the sections (6pum thickness)
were blocked with a normal goat serum for 1h at room
temperature before incubation with a rabbit polyclonal anti-
mouse osteocalcin antibody (1:250; Takara Bio, Shiga, Japan)
for 1h at room temperature. Then the sections were stained
with a tetramethylrhodamine-isothiocyanate-conjugated goat
anti-rabbit IgG (Molecular Probes, Eugene, OR) for 1h at
room temperature. After washing with PBS, the sections
were mounted with Vectashield® (Vector Laboratories, Bur-
lingame, CA). Fluorescent images were obtained using an
epifluorescent microscope (AX-80; Olympus, Tokyo, Japan),
and the relative percentage number of GFP-positive cells to
osteocalcin-positive cells in each image was calculated
manually by observing the images. Three areas of interest
(100x100 pm?) were chosen randomly from each fluorescent
image (at least four images per each experimental group) and
the number of GFP- and osteocalcin-positive cells were
counted.

In vitro migration assay

Bone marrow cells (3x10°cells/cm?) isolated from the
transgenic mice described earlier were plated onto cell
culture dish (no. 430167, Corning Incorporated, Corning,
NY) with alpha minimum essential medium («MEM;
Sigma-Aldrich, St. Louis, MO) containing 15vol% fetal
bovine serum (FBS) and cultured at 37°C and 5% CO,—
95% air atmospheric pressure. The cells were flushed with
PBS at 3 days after seeding to remove unattached blood
cells and cultured till subconfluent condition for further
experiment. The medium was changed to «MEM without
serum at 24h before the migration assay experiment. The
cells were trypsinized and plated onto the HTS® fluoro-
blok inserts (1.3x10% cells/mm?; Falcon no. 351552 with 8-
um-diameter pore; Becton Dickinson, Franklin Lakes, NJ)
with «MEM containing 0.5vol% FEBS. The bottom side of
the inserts contacted «MEM containing 15 or 0.5vol% EBS,
100ng/mL of recombinant human stromal cell-derived
factor-1 (SDF-1; no. 350-NS/CF, R&D systems, Minneapo-
lis, MN), BMP-2, or recombinant human placental growth
factor (PIGF; no. 264-PG; R&D systems) with 0.1 vol% bo-

vine serum albumin. After 24 h culture, cells that migrated to
the bottom side were counted from fluorescent photographs
taken by an epifluorescent microscope (IX-70; Olympus).
The number of cells in six images (0.594mm* per each
image) were counted.

Statistical analysis

All the results were statistically analyzed by the unpaired
Student’s f-test and p < 0.05 was considered to be statistically
significant. Data were expressed as the mean 4 standard
deviation.

Results

De novo generation of bone tissue by gelatin hydrogels
incotporating BMP-2

Figure 1 shows the time profiles of in vivo radioactivity
remaining after implantation of gelatin hydrogels incorpo-
rating '**I-labeled BMP-2 with different water contents. The
gelatin hydrogels with higher water content released BMP-2
faster than those with lower water content.

Figure 2 shows the soft X-ray radiophotographs of im-
planted sites at 2 weeks after the implantation of gelatin
hydrogels incorporating 3ug of BMP-2 or PBS. A radio-
opacity portion was observed at the center of tissues
implanted with gelatin hydrogels incorporating BMP-2, al-
though the influence of water content on the extent was not
observed. On the contrary, no radio-opacity was observed
for the BMP-2-free gelatin hydrogels.

Figure 3a—c shows the histological images of the im-
planted site at 2 weeks after implantation of the gelatin hy-
drogels incorporating 3 ug of BMP-2 or PBS. Figure 3d shows
the histological image of the implanted site at 7 weeks after
implantation of the gelatin hydrogel incorporating BMP-2.
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FIG. 1. In vivo release profiles of BMP-2 from gelatin hy-

drogels with water content of 97.5wt% (O) and 99.3 wt%
(A). BMP, bone morphogenetic protein.
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FIG. 2. Soft X-ray radiophotographs of tis-
sues around the implanted site at 2 weeks
after implantation of (a) the gelatin hydrogel
incorporating BMP-2 (3 ug) with a water
content of 97.5wt%, (b) the gelatin hydrogel
incorporating BMP-2 (3 pg) with a water
content of 99.3 wt%, and (c) the gelatin hy-
drogel incorporating PBS with a water con-
tent of 97.3 wt%. PBS, phosphate-buffered
saline.

After implantation, mature bone tissues with a bone
marrow-like structure containing many inflammatory cells,
blood cells, and adipocytes (Fig. 3e) were observed. The
implanted gelatin hydrogel was completely degraded and
was not detected in the section. Figure 4 shows the area of
newly formed bone tissue at the implanted site of gelatin
hydrogels incorporating BMP-2. After the implantation of

FIG. 3. (a—c) Histological image of tissues
around the implanted site at 2 weeks after
implantation of (a) the gelatin hydrogel in-
corporating BMP-2 (3 ug) with a water con-
tent of 97.5wt%, (b) the gelatin hydrogel
incorporating BMP-2 (3 pug) with a water
content of 99.3 wt%, and (c) the gelatin hy-
drogel incorporating PBS with a water con-
tent of 97.5wt%. B, bone tissue; M, bone
marrow-like structure; SM, subcutaneous
muscle tissue; H, remaining gelatin hydro-
gels. (d) Histological image of tissues around
the implanted site at 7 weeks after implanta-
tion of gelatin hydrogel incorporating BMP-2
(3 ng) with a water content of 97.5 wt%. Scale
bar=>500 pm. (e) Higher magnification image
of bone marrow-like structure inside the im-
planted site. Scale bar =50 pm. I, inflamma-
tory cells; E, blood cells; A, adipocyte. Color
images available online at www liebertonline
.com/ten.

KIMURA ET AL.

gelatin hydrogel incorporating BMP-2 with a water content
of 99.3 wt%, the de novo generation of bone tissue was ob-
served only at 2 weeks, but thereafter the tissue disappeared.
On the contrary, the implantation of hydrogels incorporating
BMP-2 with a water content of 97.5wt% induced significant
de novo generation of bone tissue and the bone tissue was
retained even at 7 weeks after implantation.
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FIG. 4. Area of newly formed bone tissues after implanta-
tion of gelatin hydrogels incorporating BMP-2 (3ug) with a
water content of 97.5wt% (Q), gelatin hydrogels incorpo-
rating BMP-2 (3ug) with a water content of 993 wt% (4).
*p <0.05, significant against the area after implantation of
gelatin hydrogels incorporating BMP-2 (3pg) with a water
content of 99.3 wt% at the corresponding time.

Recruitment of cells by gelatin hydrogels
incorporating BMP-2

Figure 5 shows the fluorescent images of tissues around
the implanted site at 2 weeks after the implantation of gelatin
hydrogels incorporating BMP-2 or PBS. Irrespective of the
experimental groups, a green fluorescence was detected in
the implanted sites, which indicates the accumulation of
bone marrow-derived cells.

Figure 6 shows the immunofluorescent images of tissues
around the implanted site at 2 weeks after implantation of
gelatin hydrogels incorporating BMP-2 or PBS. Cells with
green fluorescence were observed in all images, and the
cells were of round and spindle shape. For the gelatin hy-
drogels incorporating BMP-2, many red-stained cells were
observed around the implanted site (Fig. 6a, b). On the
contrary, no cells with red fluorescence were observed
around the implanted site of gelatin hydrogels without BMP-
2 (Fig. 6¢). Figure 7 shows the relative percentage number of

GFP-positive cells to osteocalcin-positive cells around the
implanted site at 2 weeks after implantation of gelatin hy-
drogels incorporating BMP-2 or PBS. The implantation of
gelatin hydrogels incorporating BMP-2 with different water
contents increased the relative percentage number of GFP-
positive cells to osteocalcin-positive cells around the im-
planted site. And the relative percentage for the gelatin
hydrogel incorporating BMP-2 with a water content of
97.5 wt% was significantly higher than that of hydrogels with
a water content 99.3wt%. After this time point, it was
practically impossible to compare the accumulation of bone
marrow-derived cells between the implanted sites of the
gelatin hydrogel incorporating BMP-2 with water contents of
97.5 and 99.3wt%. This is due to the disappearance of the
newly formed bone tissue around the implanted site of the
latter gelatin hydrogel incorporating BMP-2.

In vitro cell migration

Figure 8 shows the number of cells that migrated to the
bottom side of the inserts at 24 h after incubation with ©MEM
containing BMP-2 or other factors. No activity as a che-
moattractant to bone marrow cells was observed for BMP-2.
The migration level was the same as that of the negative
control (0.5vol% EBS). However, a strong chemoattractant
activity was observed for SDF-1 and PIGF, which was the
same as that of the positive control (15vol% FBS). The ac-
tivity by PIGF was significantly higher than that by SDF-1
and 15vol% FBS.

Discussion

This study demonstrates that the BMP-2 release profile
affected the extent of accumulation of bone marrow-derived
cells and the consequent de novo generation of bone tissues.
The hydrogel water contents of 97.5 and 99.3 wt% indicated
that the weight ratio of gelatin molecules to total hydrogel
were 2.5 and 0.7wt%. The difference in gelatin molecule
fraction and crosslinking density of hydrogels caused the
difference in hydrogel degradation and the consequent BMP-
2 in vivo release profiles (Fig. 1). The BMP-2 release for a
longer time period enabled strong accumulation of GFP-
positive bone marrow-derived osteoblast progenitor cells
which are also stained with the anti-osteocalcin antibody,
even at 2 weeks after implantation. It is apparent from Figure
5 that the accumulation of bone marrow-derived cells was
observed by the implantation of gelatin hydrogels with or
without BMP-2. However, from the double-staining assay,
for the hydrogel without BMP-2, no osteocalcin-positive cells
were detected around the implanted site (Figs. 6 and 7). As

FIG. 5. Fluorescent images
of the area surrounding the
implant at 2 weeks after im-
plantation of (a) the gelatin
hydrogel incorporating BMP-
2 (3ng) with a water content

of 97.5wt%, (b) the gelatin hydrogel incorporating BMP-2 (3 ug) with a water content of 99.3 wt%, and (c) the gelatin
hydrogel incorporating PBS with a water content of 97.3 wt%. Scale bar =1 cm. Color images available online at www

Liebertonline.com/ten.
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FIG. 6. Immunofluorescence staining
images of tissue around the implanted site
at 2 weeks after implantation of (a) the
gelatin hydrogel incorporating BMP-2

(3 ug) with a water content of 97.5 wt%, (b)
the gelatin hydrogel incorporating BMP-2
(3 ug) with a water content of 99.3 wt%,
and (c) the gelatin hydrogel incorporating
PBS with a water content of 97.3 wt%. Red
fluorescence: osteocalcin; green fluores-
cence: green fluorescent protein. Scale

bar =200 um. Color images available
online at www liebertonline.com/ten.

KIMURA ET AL.

the osteocalcin-expressing cells are generally osteoblastic
cells with bone formation activity, we can say with certainty
that the BMP-2 release increased the recruitment of osteo-
genic cells around the release site.

The extent of de novo generation of bone tissue depended
on the water content of gelatin hydrogels. This finding was
experimentally confirmed in a previous study® and the
present results are also in accordance to it even after ex-
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FIG. 7. Relative percentage number of GFP-positive cells to
osteocalcin-positive cells around the implanted site at 2
weeks after implantation of (a) gelatin hydrogels incorpo-
rating BMP-2 (3 ug) with a water content of 97.5wt%, (b)
gelatin hydrogels incorporating BMP-2 3ng) with a water
content of 99.3 wt%, and (c) gelatin hydrogels incorporating
PBS with a water content of 97.5wt%. n.d., not detected;
GFP, green fluorescent protein.

tended time course (7 weeks after implantation). The de-
crease in the de novo generated area was observed in 4 or 5
and 3 weeks after implantation for gelatin hydrogels with
water contents of 97.5 and 99.3 wt%, respectively (Fig. 4).
This time profile can be explained in terms of that of BMP-2
release. For the gelatin hydrogel, the time profile of BMP-2
release was well correlated to that of hydrogel degradation.
The hydrogel that is degraded for 4-5 weeks would release
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FIG. 8. Migration of bone marrow cells through the trans-
well membrane at 24h after incubation with o-minimum
essential medium containing (a) 15vol% fetal bovine serum,
(b) 100ng/mL stromal cell-derived factor-1, (c) 100ng/mL
BMP-2, (d) 0.5vol% fetal bovine serum, and (e) 100 ng/mL
placental growth factor. *p <0.05 against the groups (c) and
(d); 'p < 0.05 significant against the groups (a) and (b).

Migrated cells / mm*
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BMP-2 for 4-5 weeks. It is possible that for this range, the
BMP-2 release results in the BMP-induced de novo generation
of bone tissue. However, the cessation of release would
suppress bone tissue induction, resulting in the disappear-
ance of bone tissue. The area of de nove generated bone in-
creased again from 6 weeks after implantation. The cells
recruited by the released and remaining BMP-2 may be able
to further promote de novo generation of bone tissue. This
reason is not clear at present.

Significant difference in the accumulation of osteocalcin-
positive cells between the gelatin hydrogels with water
contents of 97.5 and 99.3 wt% was observed (Fig. 6). This ex-
perimental result indicates that the profile of BMP-2 release
affects the recruitment of bone marrow-derived cells. It is
conceivable that BMP-2 release for a longer time period
induces the recruitment of cells for a long time period, re-
sulting in enhanced accumulation of cells. BMP-2 can accel-
erate bone tissue formation'® through osteoblast migration,*
by promoting osteogenic differentiation of mesenchymal
stem cells,*>** angiogenesis,® apoptosis of osteoblast,*> and
recruitment of osteoblast progenitor cells”* It has been
demonstrated that BMP-2 could induce the expression of
PIGF. The enhanced expression of PIGF promoted the re-
cruitment of progenitor cells from the bone marrow.** In
addition, fibrous tissue and hypertrophic cartilage formation
was observed in a fracture healing model of PIGF-deficient
mice.”” The chemoattractant study revealed that PIGF accel-
erated the migration of isolated bone marrow cells, in contrast
to BMP-2 (Fig. 8). Itis highly concejvable that BMP-2 functions
as a trigger molecule to induce PIGF for the migration of bone
marrow-derived cells. Further analysis is needed to under-
stand the effect of BMP-2 release on cell recruitment.

This study clearly indicates that the BMP-2-releasing ma-
terials enhance cell accumulation for de novo generation of
bone tissue. This activity could be modified by the release
profile. This finding opens a new strategy of tissue engi-
neering to achieve tissue regeneration by induction of cells
present in the body.

Disclosure Statement

No competing financial interests exist.
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Diagnosis and Treatment of Stevens-
Johnson Syndrome and Toxic Epidermal
Necrolysis with Ocular Complications

Chie Sotozono, MD, PhD),' Mayumi Ueta, MD, PhD,! Noriko Koizumi, MD, PhD,!
Tsutomu Inatomi, MD, PhD,! Yuji Shirakata, MD, PhD,? Zenro Ikezawa, MD, PhD,?
Koji Hashimoto, MD, PhD,? Shigeru Kinoshita, MD, PhD!

Purpose: To present a detailed clarification of the symptoms at disease onset of Stevens-Johnson syn-
drome (SJS) and its more severe variant, toxic epidermal necrolysis (TEN), with ocular complications and to
clarify the relationship between topical steroid use and visual prognosis.

Design: Cross-sectional study.

Participants: Ninety-four patients with SJS and TEN with ocular complications.

Methods: A structured interview, examination of the patient medical records, or both addressing clinical
manifestations at disease onset were conducted for 94 patients seen at Kyoto Prefectural University of Medicine.
Any topical steroid use during the first week at the acute stage also was investigated.

Main Outcome Measures: The incidence and the details of prodromal symptoms and the mucosal involve-
ments and the relationship between topical steroid use and visual outcomes.

Results: Common cold-like symptoms {general malaise, fever, sore throat, etc.) preceded skin eruptions in
75 cases, and extremely high fever accompanied disease onset in 86 cases. Acute conjunctivitis and oral and nail
involvements were reported in all patients who remembered the details. Acute conjunctivitis occurred before the
skin eruptions in 42 patients and simultaneously in 21 patients, whereas only 1 patient reported posteruption
conjunctivitis. Visual outcomes were significantly better in the group receiving topical steroids compared with
those of the no-treatment group (P<<0.00001).

Conclusions: Acute conjunctivitis occurring before or simultaneously with skin eruptions accompanied by
extremely high fever and oral and nail involvement indicate the initiation of SJS or TEN. Topical steroid treatment
from disease onset seems to be important for the improvement of visual prognosis.

Financial Disclosure(s): The author(s) have no proprietary or commercial interest in any materials discussed

in this article. Ophthalmology 2009;116:685-690 © 2009 by the American Academy of Ophthalmology.

Stevens-Johnson syndrome (SJS) and its more severe vari-
ant, toxic epidermal necrolysis (TEN), are acute inflamma-
tory disorders that affect the skin and mucous mem-
branes.!~* Although the incidence of SJS and TEN is very
low, approximately 0.4 to 1 case per 1 million persons and
1 to 6 cases per 1 million persons, respectively, both can
affect anybody at any age, usually as a consequence of
adverse drug reactions.>” A variety of drugs including
antibiotics, nonsteroidal anti-inflammatory drugs, and anti-
epileptic medications, that is, any of the popularly used
drugs, have been reported to cause severe drug reactions and
to induce SJS or TEN.

The mortality rates for SIS and TEN are high: 1% to 5%
and 25% to 35%, respectively.®? Ocular complications oc-
cur in more than 50% of the patients, and ocular surface
inflammation develops rapidly at the acute stage.!®!! Ex-
tensive inflammation of the ocular surface often is accom-
panied by pseudomembranous formation and corneal or
conjunctival epithelial defects, or both. The common path-
way after the acute stage includes persistent epithelial de-
fects, ulceration, and perforation, finally developing into
comeal cicatricial changes such as neovascularization,

© 2009 by the American Academy of Ophthalmology
Published by Elsevier Inc.

opacification, keratinization, and symblepharon.’*!* Even
after the acute-stage impairments subside, permanent visual
impairment or blindness remains and conjunctival inflam-
mation prolongs at the chronic stage.!* Patients with SIS or
TEN require life-long management for ocular discomfort
and morbidity. Stevens-Johnson syndrome or TEN accom-
panied by ocular complications, at both the acute and
chronic stage, are 2 of the most devastating ocular surface
diseases, and both are extremely difficult to treat.

The loss of corneal epithelial stem cells, which are lo-
cated in the limbal region,'>™® evidenced by the loss of
palisades of Vogt, is the most common ocular feature of
SJS.1? As soon as the corneal epithelial stem cells are lost at
the acute stage of SJS or TEN, the comeal epithelium does
not regenerate, thus resulting in conjunctival epithelial in-
vasion into the comea (conjunctivalization) and cicatricial
changes of the ocular surface. In contrast, the regeneration
of the epidermis develops rather smoothly at the remission
of the diseases.

Penetrating keratoplasty (PK) generally is contraindi-
cated for eyes with SIS or TEN because PK does not supply
the limbal region of the eye with corneal epithelial stem
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cells. Moreover, PK-initiated, immunologically driven ocu-
lar surface inflammation may induce persistent epithelial
defects and corneal melting, perforation, or both, ultimately
resulting in blindness.'? Allograft transplantation of healthy
limbal tissue is useful for the reconstruction of the ocular
surface. However, long-term outcomes are poor in eyes with
SIS or TEN.' Groundbreaking surgical procedures have
been developed over the past 12 years. We first reported the
usefulness of cultivated comeal epithelial transplantation
for SIS with persistent epithelial defects after the acute
stage.20=2* In another report, we clarified the efficacy of ex
vivo expanded autologous oral mucosal epithelial cells to
the ocular surface.>* Cultivated oral mucosal epithelial
transplantation and the 2-step surgical combination of cul-
tivated oral mucosal epithelial transplantation and PK have
provided the patients with SJS or TEN with a surgical
pathway toward restoration of their visual function.?>%7
However, it is impossible for the ocular surface of those
patients to be restored to its previously normal state.

Diagnosis of SIS or TEN at disease onset is complex,
often confusing, and very difficult. Moreover, the use of
steroids for treatment remains controversial.!®*=3% Qur
recent reports and those of others indicated the influence
of genetic endowment in SJS and TEN.3'#% For instance,
there are statistically significant differences in single
nucleotide polymorphisms of toll-like receptor 3, inter-
leukin (IL)-4R/IL-13, and Fas ligand in SJS and TEN;
thus, genetic screening may help to deliver a more rapid
diagnosis in the future. At present, however, the under-
standing of the typical clinical picture of SJS and TEN is
still a vital aspect of early diagnosis and the initiation of
treatment. Therefore, this study investigated the clinical
manifestation at disease onset of SJS and TEN with
ocular complications and evaluated the relationship be-
tween ophthalmic management at the acute stage and the
visual outcomes.

Patients and Methods

From November 2005 through May 2008, extensive interviews
were conducted with 94 patients (45 males and 49 females) with
SJS or TEN with ocular complications seen at the SIS outpatient
service at Kyoto Prefectural University Hospital. Of those patients,
88 cases were referral patients from the greater Japan area who had
come to the SJS service at the acute stage (n = 14) or at the chronic
stage (n = 74). Their ages ranged from 1 to 83 years (mean
age*standard deviation, 41.6+=18.5 years). At disease onset, the
patients’ ages ranged from 0 to 77 years (mean age*standard
deviation, 26.2+18.8 years), and the duration of the illness ranged
from 1 to 48 years (mean*standard deviation, 16.1%15.2 years).
The questionnaires used in this study were structured as follows:
(1) age of the patient at disease onset; (2) causative drugs; (3) the
presence of prodromal symptoms; and (4) the episodes of high
fever, conjunctivitis, skin eruptions, fingernail loss, and associated
mucous membrane involvements. Medical records also were ex-
amined or the patients were asked directly regarding any ophthal-
mic management, especially the use of topical steroids, during the
first week from disease onset. Then, the Mann-Whitney U test was
used to analyze the correlation between the use of topical steroids
and the visual outcomes. This study was approved by the Institu-
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tional Review Board of Kyoto Prefectural University of Medicine,
Kyoto, Japan.

The diagnosis of SIS or TEN at the acute stage was based on
the acute onset of high fever, serious mucocutaneous illness with
skin eruptions, involvement of at least 2 mucosal sites, and the
pathologic findings of a skin biopsy that demonstrated necrotic
changes of the dermis. The diagnosis of SIS or TEN at the chronic
stage was based on ocular cicatricial findings such as symbleph-
aron, severe dry eye, corneal neovascularization, opacification, and
conjunctivalization, and a confirmed history of the acute onset of
high fever, serious mucocutaneous illness with skin eruptions, and
involvement of at least 2 mucosal sites including the ocular sur-
face. In the patients where disease onset occurred before age 10
years or in those who had lost consciousness at the acute stage
because the illness, specific details were obtained by directly
interviewing members of the immediate family.

Results

Of the 94 patients, drugs were the most commonly associated
etiologic factor in 84 patients (89.4%). The causative drugs were
cold remedies in 30 patients, antibiotics in 23 patients, nonsteroi-
dal anti-inflammatory drugs in 19 patients, anticonvulsants in 5
patients, and others (anticancer agents, antirheumatic drugs, anti-
matarial, Chinese medicine, etc.).

Best-corrected visual acuity obtained at the chronic stage was
20/20 or better in 34 eyes (18.3%; Fig 1A), worse than 20/20 and
up to and including 20/200 in 55 eyes (29.6%; Fig 1B), worse than
20/200 and up to and including 20/2000 in 53 eyes (28.5%; Fig
1C), and worse than 20/2000 in 44 eyes (23.7%; Fig 1D). Two
eyes of 1 boy who was 1 year or age were excluded from the
results because his visual acuity could not be assessed.

Characteristics of Stevens-Johnson Syndrome and
Toxic Epidermal Necrolysis with Ocular
Complications

Of the 94 patients, common coldlike symptoms (general malaise,
fever, sore throat, etc.) preceded skin eruptions in 75 patients.
Extremely high fever (more than 39° C) was reported by 86
patients, whereas 1 patient reported no fever and the remaining 7
patients could not remember the extent of the fever. Acute con-
junctivitis and oral involvements (blisters, erosions, and bleeding
of the mouth and lips) occurred in all patients who could recollect
their symptoms in detail. Fingernail loss at the acute stage or
deformation at present existed in all patients (Table 1; Fig 2).
Other mucous membrane involvements included those of the phar-
ynx, respiratory tract, or ear canal.

Forty-two patients reported episodes of acute conjunctivitis
several hours to 4 days before the skin eruptions, and 21 patients
reported that skin eruptions and conjunctivitis occwred simulta-
neously. Only 1 patient reported posteruption conjunctivitis (Table 2).

Topical Steroid Instillation and Visual Outcomes

Thirty-three patients (13 males and 20 females; mean age=standard
deviation at disease onset, 31.5%18.6 years) began topical steroid
treatment during the first week from disease onset, whereas 31
patients (14 males and 17 females; mean age*standard deviation,
27.9%19.5 years) received no topical steroid treatment or any
other treatment for their eyes. The remaining 30 patients could not
recall the details of ocular management during the first week from
disease onset. Visual outcomes were significantly better in the group
that received topical steroids at the acute stage compared with those of
the no-treatment group (P<<0.00001; Fig 3).



Sotozono et al + Proper Diagnosis and Treatment of SJS/TEN at Disease Onset

Figure 1. Photographs showing representative ocular manifestations at the chronic stage, with corresponding visual acuity. A, Clear comea and
best-corrected visual acuity of 20/20 or better: 34 eyes (18.3%). B, Moderate conjunctivalization and visual acuity worse than 20/20 and up to and
including 20/200: 55 eyes {29.6%). C, Severe conjunctivalization and neovascularization and visual acuity worse than 20/200 and up to and including
20/2000: 53 eyes (28.5%). D, Keratinization, severe opacification, and visual acuity worse than 20/2000: 44 eyes (23.7%).

Diagnosis at the Acute Stage

Eleven patients were diagnosed with acute conjunctivitis by oph-
thalmologists before the development of systemic eruptions. An
additional 12 patients were misdiagnosed as having measles (n =
4), chickenpox (n = 2), herpetic infection (n = 2), rubella (n = 1),
or other diseases by physicians in other fields.

Among 94 patients, only 37 patients were diagnosed as having
SJS or TEN at disease onset. Seven patients were diagnosed
properly at several weeks (range, 2-8 weeks) after the onset, and
surprisingly, 6 patients obtained the diagnosis at 2 to 45 years after
the onset. For the remaining patients, when they received a proper
diagnosis could not be ascertained.

Table 1. Symptoms and Mucosal Involvements of the 94
Patients at the Acute Stage

Did Not
Symptoms Experienced Experience Unknown
Prodromal common cold-like 75 17 2
symptoms
Extremely high fever (>39° C) 86 1 7
QOcular involvement 94 0
Oral involvement 82 0 12
Genital involvement 46 18 30
Fingernail loss or deformation 94 0 0

Discussion

Stevens-Johnson syndrome and TEN are rare but potentially
fatal skin disorders. Ocular involvement is common and
often results in long-term complications such as serious
visual impairment with ocular discomforts.!>?® Although
much has been learned over the past 50 years about the
management of SIS and TEN, the following 3 important
problems still remain: (1) the difficulty of obtaining a
prompt and accurate diagnosis of SIS or TEN at disease
onset, (2) ocular involvement often is overlooked easily
because of the serious general symptoms and high lethality
of these 2 diseases, and (3) a universally accepted treatment
regimen for SJS and TEN has yet to be adopted and treat-
ment with corticosteroids remains controversial, 02830
There is also no standardized ophthalmologic treatment for
the prevention of ocular complications.

In this study, 12 patients were misdiagnosed as having
chickenpox, measles, herpetic infection, or other diseases.
For early diagnosis, the clinical pictures of SIS and TEN
need to be well understood, and to that end, the results of
this study provided new and important data. Common cold-
like symptoms (general malaise, slight fever, sore throat,
etc.) preceded skin eruptions in 82% of the cases, and in all
but 1 patient, the disease was accompanied by very high
fever (more than 39° C) at the onset. It should be empha-
sized that acute conjunctivitis occurred before or simulta-
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Figure 2. Representative photographs showing Stevens-Johnson syndrome/toxic epidermal necrolysis-associated ocular and oral involvement and
fingernail loss at the acute stage. A, Conjunctivitis, which was accompanied by extensive loss of bulbar conjunctival epithelium. B, Swollen and crusted

lips. C, Fingernail loss and deformation with paronychia.

neously with skin eruptions and that the involvement of oral
mucosa was observed in 100% of the cases who could
remember the details. Fingernail loss at the acute stage,
deformation at the time of the writing of this report, or both
also occurred in all of the patients, suggesting that paro-
nychia occurred in all patients at the acute phase.

Visual outcomes were significantly better in the patients
who received treatment with topical steroids during the first
week from disease onset compared with those of the pa-
tients who received no topical steroid treatment. However,
those outcomes may be because of the presumed fact that
patients who fail to receive treatment with topical steroids
are highly likely not going to receive systemic steroids as
well. Thus, treatment with topical steroids, systemic ste-
roids, or both at the early stage of the disease helps to
decrease the incidence of chronic ocular complications. At
the onset of the diseases, both necrotic changes of the skin
and the destruction of the ocular surface progress rapidly.
Prompt use of topical steroids, and presumably systemic
steroids, from disease onset may prove to be important for
preventing the loss of corneal epithelial stem cells. Unfor-
tunately, a detailed history concerning the systemic therapy
during the acute stage could not be obtained in most in-
stances. Additional studies are needed to confirm the safety
and efficacy of those medications.

Of the 94 patients, the mean duration of the illness was 16.1
years, and more than 50% of the eyes manifested visual acuity
worse than 20/200. Considering the fact that patients with SIS

Table 2. Order of Conjunctivitis and Skin Eruptions of the 94
Patients at Disease Onset

Conjunctivitis Period Preceding Eruption No. of Patients

Occurred before skin 4 days 1

eruption 3 days 3

’ 2 days 11

1 day 12

Several hours 9

Unknown 6

Total = 42

Qccurred simultaneously 21

Occurred later 1

Unknown 30

Total 94
688
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or TEN experience ocular complications for an extended pe-
riod, it is vital that strict attention be paid to any ocular
involvement. When dermatologists, physicians, and healthcare
professionals suspect SIS or TEN, prompt referral to an oph-
thalmologist is vital for the prevention of permanent loss of
vision. Ophthalmologists have to find distinctive appearances
such as pseudomembrane formation and comeal or conjuncti-
val epithelial defects, or both.

In the first report by Stevens and Johnson, 2 boys reported
eye pain before skin eruptions and manifested a purulent con-
junctivitis. Visual prognosis was total blindness in one case
and severe corneal scarring in the other case. Both cases had
the typical clinical picture clarified in the present study.! If
their eyes had been treated with topical steroids from disease
onset, the visual outcomes might have been different.

To date, the pathophysiologic mechanisms underlying the
onset of SIS and TEN have yet to be fully elucidated. The
rarity of these diseases has led us to speculate that patients with
SIS or TEN genetically are susceptible to specific environmen-
tal precipitants. A report from the United States showed an
increase of human leukocyte antigen (HLA)-B12 (HLA-
Bw44) antigen in white patients with SIS with ocular involve-
ment.*! Analyses of TEN patients in France also disclosed an
association with HLA-B12 (HLA-Bw44).’? In Han Chinese,
there was a very strong association between carbamazepine-
induced SIS and the HLA-B*1502 allele.’® The authors also
reported that in Japanese persons, HLA-A*0206 was strongly
associated with SIS and TEN with ocular surface complica-
tions.>*3® These findings suggest that SIS and TEN are asso-
ciated with a complex genetic inheritance background.

The prodromal symptoms occurred in 82% of the cases in
this study. Given the association between the onset of SJS and
TEN and infections and the opportunistic infection of ocular
surfaces by bacteria such as methicillin-resistant Staphylococ-
cus aureus or methicillin-resistant Staphylococcus epidermi-
dis,* it is highly possible that there is an association between
SIS and TEN and a disordered innate immune response. Re-
cently, the association of the polymorphisms in the toll-like
receptor 3 gene with SIS and TEN in the Japanese population
were reported.’® Also, an association between SIS and TEN
and the IL-4R gene polymorphism and combined IL-13/IL-4R
signaling pathway gene polymorphism was reported.>>
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Figure 3. Graph showing the relationship between topical steroid use during the first week from disease onset and visual outcomes. Sixty-six eyes of 33
patients began topical steroid treatment during the first week from disease onset, whereas 62 eyes of 31 patients received no topical steroid treatment or
any other treatment. Visual outcomes were significantly better in the group receiving topical steroids at the acute stage compared with those of the

no-treatment group {P<0.00001).

Thus, both innate immunity and host—defense mechanisms
may play a critical role in the development of SJS and TEN.

In conclusion, ocular involvement at disease onset is a
helpful symptom for the diagnosis of SJS and TEN. Acute
conjunctivitis before or occurring simultaneously with skin
eruptions accompanied by very high fever and blisters on
the mouth greatly implies the initial signs of SIS and TEN,
and prodromal symptoms and genital involvements support
that diagnosis. Initiating treatment with topical steroids
from the onset seems to be important for the improvement
of visual prognosis. A prompt and accurate diagnosis as
assisted by the clinical manifestation offers a breakthrough
against the historically poor visual outcomes associated
with patients with SIS or TEN.
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The influence of hepatic damage on serum
soluble Fas ligand levels of patients with
drug rashes

To the Editor:

We read with interest the report of Murata et al' stating that in-
creases in soluble Fas ligand (sFasL) levels were observed in pa-
tients with Stevens-Johnson syndrome (SJS) and toxic epidermal
necrolysis (TEN) in the very early phases but not in maculopap-
ular (MP) types of drug rash. However, we reported recently
that increases in serum sFasL levels were observed not only in pa-
tients with SIS and TEN but also in those with drug-induced hy-
persensitivity syndrome (DIHS) and MP-type drug eruptions.”
Examinations were performed in groups of 4 patients each, and
the changes in sFasL levels showed a similar pattern among all
3 types of drug rash. The sFasL levels peaked within a week after
onset of the rash and then decreased rapidly thereafter. These ob-
servations suggested that increases in sFasL levels in patients with
drug rashes are not a specific indicator of SIS/TEN. To further
confirm this suggestion, we focused on serum sFasL levels within
5 days after onset of drug rash and examined a larger number of
cases.

Serum samples were collected from patients with DIHS, MP-
type drug rash, erythema multiforme (EM)-type drug rash, SJS,
and TEN and subjected to clinical laboratory testing within 5 days
of onset. Nineteen serum samples from 13 patients with DIHS, 37
serum samples from 31 patients with MP/EM-type drug rashes,
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and 13 serum samples from 11 patients with SJS/TEN, which
excluded 12 cases reported previously from this examination,
were examined. The highest sFasL level was chosen in each
patient. sFasL levels were measwred with an ELISA kit
(R&D Systems, Minneapolis, Minn), and the detection limit
was 16 pg/mL. The average sFasL level of patients with SIS/TEN
was 96 * 29 pg/mL, which was similar to that of 16 healthy
control subjects (90 = 59 pg/mL). However, the sFasL levels of
patients with DIHS and MP/EM-type drug rashes were signifi-
cantly higher (patients with DIHS: 214 = 127 pg/mL, P =0.0082;
patients with MP/EM-type drug rashes: 160 = 81 pg/mL, P =
.0012) than those of healthy control subjects and patients with
SIS/TEN. This result was in agreement with the findings of our
previous study.”

The Fas-Fas ligand (FasL) system mediates hepatocyte apo-
ptosis in various liver discases.® Upregulated Fas on hepatocytes
is engaged with FasL exgressed on cytotoxic T cells, inducing
apoptosis of hepatocytes.” As FasL is shed and released into the
serum,” serum sFasL levels are increased in patients with acute
and fulminant hepatitis.>” Because all patients with DIHS and
many patients with MP/EM-type drug rashes were associated
with liver dysfunction in the present study, we speculated that
the increases in sFasL levels in these patients reflected liver
damage. Increases in alanine aminotransferase (ALT) levels
within 5 days of onset were observed in 31 of 55 patients. Inter-
estingly, 14 cases in which serum ALT levels were increased by
more than 5-fold compared with the normal limit showed signif-
icantly increased sFasL levels (Fig 1). In addition, all patients
with sFasL levels of greater than 300 pg/mL were associated
with increased ALT levels of greater than 5-fold compared with
the normal limit.

Taken together, these observations indicate that increase of
serum sFasL levels is not specific for SIS and TEN. Rather, higher
sFasL levels might indicate hepatic damage. Therefore these
values should not be used as an indicator of the development of
SIS or TEN.

Mikiko Tohyama, MD

Yuji Shirakata, MD, PhD
Koji Sayama, MD, PhD
Koji Hashimoto, MD, PhD
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FIG 1. In 24 of 55 patients, serum ALT levels were within normal limits (WNL) until 5 days after onset. In-
creases in ALT levels of 5-fold or less compared with the normal limit (<5N) and of greater than 5-fold com-
pared with the normal limit (5N<) were observed in 17 and 14 patients, respectively. The Student t test was

used for comparison of paired conditions.
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To the Editor:

We thank Dr Tohyama et al’ for their interest in our study.’
They reported that the difference of serum soluble Fas ligand
(sFasL) levels between patients with toxic epidermal necrolysis
(TEN)/Stevens-Johnson syndrome (SJS) and maculopapular
types of drug rash was not observed." This observation is in con-
trast to our study, in which we detected the highest concentrations
of sFasL in 71.4% of patients with TEN/SJS before disease onset
(approximately day —4 to —2). Increased sFasL levels decreased
rapidly within 5 days of disease onset. In all of 32 patients with
ordinary types of drug-induced skin reactions (ODSR), no
increase in sFasL level was detected.>*

Several molecules have been reported as important mediators in
the pathogenesis of TEN/SJS. A very recent article reported that
granulysin is a key molecule responsible for the development of
TEN/SIS. In this article it was also shown that sFasL is confirmed
as a highly expressed molecule in patients with TEN/SJS.”

Several points are warranted in the interpretation of the results
of Tohyamaet al.' In particular, we reported that sFasL levels were
decreased after day 3.” Detailed information on sample collection
was not described in the correspondence by Tohyama et al.” If the
serum samples were collected after day 3, sFasL levels should
have returned to within the normal range. We have to emphasize
that it is very difficult to distinguish clinical presentations of
TEN/SIS at the early stage from ODSR. Therefore it is crucial
to collect and analyze the samples of TEN/SJS at an early stage.

Additionally, in the correspondence by Tohyama et al, serum
levels of sFasL seemed to be higher than those seen in our study.
In our study sFasL. levels of healthy control subjects were 42.8 =+
8.2 pg/mL,? whereas they were 90 59 pg/mL in Tohyama et al.'

Furthermore, Tohyama et al! used a different definition of dis-
ease onset of TEN/SIS compared with ours. A major previous
report defined disease onset as when erosion/ulceration of muco-
cutaneous or ocular lesions are first developed,® and we followed
that precedent. In contrast, in Tohyama et al’s correspondence,l
onset is defined as the day when the rash appears. It is well known

J ALLERGY CLIN IMMUNOL
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that the disease course of TEN/SIS is variable; some patients have

erosion/ulceration without erythema, and other show only ery-

thema for several days before erosion/ulceration appears. Be-

cause erosionfulceration or ocular lesions are essential

manifestations of TEN/SIS, the presence of markers such as

sFasL or granulysin to distinguish the early stage of TEN/SIS
from ODSR is crucial.
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Activation of the blood coagulation cascade is
involved in patients with chronic urticaria

To the Editor:

Chronic urticaria (CU) is a continuously recurrent whealing of
the skin with pruritus and usually defines its course as 6 weeks and
more. As reported in the JACI, Asero et al' found that the tissue
factor pathway of blood coagulation might be active in patients
with CU.

Thirty adult patients (men/women, 11/19; median age, 40.88
years; range, 18-66 years) with CU and 30 normal subjects (men/
women, 11/19; median age, 39.93 years; range, 18-58 years) were
enrolled in the study. Disease activity was estimated according to
the number of wheals presented. Prothrombin time (PT) and
partial thromboplastin time (APTT) were measured by the
coagulation method (Dade Behring Marburg GmbH, Marburg,
Germany). The level of D-dimer was tested with a turbidimetric
immunoassay kit (Dade Behring Marburg GmbH). Levels of
plasma activated Factor VII (FVIIa) and thrombin-antithrombin
complex (TAT) were measured by ELISA kit (FVIIa: American
Diagnostic Inc, Stanford, Conn; TAT: AssayPro, St Charles,
Mo). Means were compared by 1 test. Differences in the levels
of FVIIa, TAT, and D-dimer were assessed by the Wilcoxon-
Mann-Whitney nonparametric test. Correlations between the
various parameters were assessed by the Spearman test.

Disease activity of patients was graded as slight, 4; moderate,
11; severe, 7; and very severe, 8. The results in Table I show that
PT and APTT were in the normal range, and the levels of FVIIa,
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Alteration of TLR3 pathways by glucocorticoids may be
responsible for immunosusceptibility of human corneal epithelial

cells to viral infections

Yuko Hara,! Atsushi Shiraishi,? Takeshi Kobayashi, Yuke Kadota,! Yuji Shirakata,’ Koji Hashimoto}

Yuichi Ohashi!

1Department of Ophthalimology, Ehime University School of Medicine, Shitsukawa, Japan; *Department of Ophthalmology and
Regenerative Medicine, Ehime University School of Medicine, Shitsukawa, Japan; 3Department of Dermatology, Ehime University

School of Medicine, Shitsukawa, Japan

Purpose: The toll-like receptor 3 (TLR3) recognizes viral double-stranded RNA and its synthetic analog polyriboinosinic-
polyribocytidylic acid (poly(I:C)), and the activation of TLR3 is known to induce the production of type I interferon (IFN)
and inflammatory cytokines/chemokines. The purpose of this study was to determine the role played by innate responses
to a herpes simplex virus 1 (HSV-1) infection of the comeal epithelial cells. In addition, we determined the effects of
immunosuppressive drugs on the innate responses.Methods: Cultured human comeal epithelial cells (HCECs) were
exposed to poly(I:C), and the expressions of the mRNAs of the cytokines/chemokines macrophage-inflammatory protein
1 alpha (MIPI-a), macrophage-inflammatory protein 1 beta (AJZP1-$), interleukin-6 (/L-6), interleukin-8 (JL-8), regulated
on activation, normal T cell expressed and secreted (RANTES), Interferon-beta (JFN-f), and TLR3 were determined using
real-time reverse transcription-polymerase chain reaction (RT-PCR). The effects of dexamethasone (DEX, 10-6 or 105
M) and cyclosporine A (CsA, 106 or 10~ M) on the expression of these cytokines and TLR3 were also determined using
real-time RT-PCR. Levels of MIP1-«, MIP1-B, IL-6, IL-8, RANTES, and IFN- were measured using the enzyme-linked
immunosorbent assay (ELISA). The activation of nuclear factor kappa B (NFxB) and interferon regulatory factor 3 (IRF3)
in HCECs was assessed by immunohistochemical staining. The effects of DEX and CsA on HCECs exposed to HSV-1
(McKrae strain) were also examined.Results: The expressions of MIPI-a, MIP1-8,1L-6,IL-8, RANTES, IFN-f, and TLR3
were up-regulated in HCECs exposed to poly(I:C). The poly(I:C)-induced expressions of /L-6 and JL-8 were down-
regulated by both DEX and CsA, while the expressions of IFN-f and TLR3 were suppressed by DEX alone. Similarly,
the poly(I:C)-induced activation of NFkB was decreased by both DEX and CsA, and the activation of IRF3 was reduced
by DEX alone. When HCECs were inoculated with HSV-1, DEX led to a decrease in the expression of IL6, IFN-f, and
TLR3, and an extension of plaque formation.Conclusion: These results indicate that DEX may increase the susceptibility

of HCECs to viral infections by altering the TLR3 signaling pathways.

The toll-like receptors (TLRs) are a family of innate
immune receptors that recognize the conserved structures of
microbes, termed pathogen-associated molecular patterns
(PAMPs). The TLR system has been extensively studied in
immune cells, e.g. in macrophages, and recent studies have
demonstrated that epithelial cells also express TLRs. Thus,
respiratory epithelial cells express TLR 1-10[1,2], epidermal
keratinocytes express TLR1, 2, 4, and 5 [3.4], intestinal
epithelial cells express TLR1-4, 6, and 9 [5], and female
reproductive tract epithelial cells express TLR1-9 [6]. In the
eye, human comneal epithelial cells express TLR 1-7, 9, and
10 [7], and human conjunctival epithelial cells express TLR
1-6 and 9 [8].

The question then arises whether the TLRs play a role in
the keratitis caused by the herpes simplex virus (HSV). It is
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known that treatment of stromal keratitis with topical
acyclovir significantly reduces the number of patients who
suffer serious visual impairment. However, keratitis often
recurs in immunocompromised hosts or in individuals who
recetve steroid therapy for a long period of time. In fact,
topical or systemic application of glucocorticoids results in
the reactivation of herpes keratitis [9,10], and glucocorticoids
are contraindicated for epithelial keratitis because they can
worsen the clinical course to virus-induced geographic
keratitis [11].

Recent studies have shown that a TLR3 ligand, which is
a double-stranded RNA (dsRNA) can activate different types
of epithelial cells, e.g. airway epithelial cells, female
reproductive tract epithelial cells, and corneal epithelia cells
[7,12,13]. TLR3 is the only TLR that does not interact with
myeloid differentiation factor 88 (MyD88) as a signaling
adaptor [14]. TLR3 interacts directly with the adaptor protein,
Toll/interleukin-1 receptor (TIR) domain-containing adaptor
inducing IFN-B (TRIF), which is also called the TIR-
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