this time frame because this procedure is associated with
complications such as lens damage, patient discomfort, and
theoretical risk of increased infection. Additionally, it may
not be necessary for the patient to remain at the clinic
immediately after intravitreal injection for an IOP check.

THIS STUDY WAS SUPPORTED BY AN UNRESTRICTED GRANT
from the Rescarch to Prevent Blindness, Inc, New York, New York. The
authors indicate no hnancial conflict of interest. Involved in design of
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the review, approval, and preparation of the manuscript (E.L., S.H., T.N,,
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PURPOSE: To investigate the association between HLA
class I antigens and Stevens-Johnson syndrome (S]S)/
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toxic epidermal necrolysis (TEN) with ocular complica-
tions in Japanese.

DESIGN: Case-control study.

METHODS: We examined the histocompatibility antigen
genes HLA-A, -B, and -C of 40 Japanese SJS/TEN
patients with ocular complications and 113 healthy
Japanese volunteers by polymerase chain reaction ampli-
fication and subsequent hybridization with sequence-
specific oligonucleotide probes (PCR-SSO).

RESULTS: We clarified that HLA-A*0206 is strongly
associated with SJS/TEN with ocular complications in
the Japanese.

CONCLUSIONS: Because this finding is completely different
from data reported elsewhere on Taiwanese Han Chinese
patients and Caucasian patients, it suggests strong ethnic
differences in the HLA-S]S association and points to the
need for studies in other ethnic populations in order to
obtain a global picture. (Am ] Ophthalmol 2007;143:
367-368. © 2007 by Elsevier Inc. All rights reserved.)

STEVENS—JOHNSON SYNDROME (5]S) AND TOXIC EPIDER-
mal necrolysis (TEN) are acute-onset mucocutaneous
diseases induced by infectious agents and/or inciting drugs.
Based on a large international case-control study, SJS and
TEN are considered as severity variants of a single entity!;
developing acute exanthema that progresses to limited
(SJS) or more widespread (TEN) blistering and erosion of
the skin and mucous membranes. Although rare, these
reactions carry high morbidity and mortality rates. Oph-
thalmologists recognize the serious ocular complications
leading to severe, lifelong visual dysfunction. Conjunctival
invasion into the cornea attributable to corneal epithelial
stem cell deficiency progresses despite healing of the skin
lesions, and corneal opacity, neovascularization, symbleph-
aron, ankyloblepharon, and in some instances, keratiniza-
tion, appears on the ocular surface at the chronic stage.
Interestingly, we observed that more than 95% of three
patients out of 61 SJS/TEN with ocular complications had
lost their fingernails in the acute stage and transformed
nails often continue even after healing of the skin lesions.
The reported incidence of ocular complications is 50% to
69%. The pathobiological mechanisms underlying the
onset of SJS/TEN have not been fully established, al-
though the involvement of immune mechanisms and an
altered drug metabolism have been suggested. Whatever
the pathogenetic events, the extreme rarity of cutaneous
and ocular surface reactions to drug therapies led us to
suspect individual susceptibility.

We studied the histocompatibility antigen genes
HLA-A, -B, and -C of Japanese SJS/TEN patients with
ocular complications. The study was approved by the
institutional review board, and consent was obtained from
all participants in written form. The diagnosis of SJS/TEN
was based on a confirmed history of the acute onset of high
fever, serious mucocutaneous illness with skin eruptions,
and involvement of at least two mucosal sites including the
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TABLE. Frequency of HLA Class | Alleles in Patients with Stevens-Johnson Syndrome (SJS)/Toxic Epidermal Necrolysis (TEN)

SJS/ TEN with Ocular
Complications

Control Subjects

HLA Allele No. % No. % P value (x9) Corrected P* Odds Ratio
Carrier frequency (n = 40) (n = 113)
A*0206 19/40 47.5% 17/113 15.0% 0.00003 <0.0005 5.1
A*1101 1/40 2.5% 23/113 20.4% 0.0076 NS -
Gene frequency (n = 80) (n = 226)
A*0206 21/80 26.3% 19/226 8.4% 0.00005 <0.0005 3.9
A*1101 1/80 1.3% 26/226 11.5% 0.0055 <0.05 0.1

*: Corrected P is P after correction for multiple (9) comparisons.

ocular surface. Forty patients and 113 healthy Japanese
volunteers were genotyped by polymerase chain reaction
amplification and subsequent hybridization with sequence-
specific oligonucleotide probes (PCR-SSO) using commer-
cial typing kits (WAK Flow, Wakunaga, Hiroshima,
Japan). All participants and volunteers were Japanese
residing in Japan.

We show that in the Japanese, among HLA-class 1
(HLA-A, -B, and -C), HLA-A*0206 was strongly associ-
ated with SJS/TEN with ocular complications (Pc <
0005, OR = 5.1) and HLA-A*1101 was inversely associ-
ated (Table). On the other hand, HLA-B, HLA-C, and
other HLA-A alleles were not significantly associated with
SJS/TEN.

A report from the United States showed that the
HLA-B12 (HLA-Bw44) antigen was considerably in-
creased in Caucasian S]S patients with ocular involve-
ment.2 Analyses of SJS/TEN patients in France also
disclosed an association with HLA-B12 (HLA-Bw44).3 In
our study population, we did not find such an association
with HLA-B12, probably because in Caucasians, the HLA-
B12 antigen is primarily coded by HLA-B*4402, whereas
in Japanese, it is almost exclusively coded by a different
allele, such as HLA-B*4403.4 A Taiwanese study’ reported
a very strong association between carbamazepine-induced
SJS in Han Chinese patients and the HLA-B*1502 allele.
However, Lonjou and associates® countered that this allele
is not a universal marker for SJS and that ethnicity plays a
role. While HLA-B*1502 was considerably increased in
the Han Chinese patients with carbamazepine-induced
SJS,6 this allele is almost completely absent in the Japanese
population. Conversely, HLA-A*0206 associated with Jap-
anese SJS/TEN is absent in Caucasians and less frequent in
Southern Han Chinese.6 Therefore, HLA-A*0206 may be
telated to ethnicity in Japanese. Our findings suggest
strong ethnic differences in the HLA-SJS/TEN association
and point to the need for studies in other ethnic popula-
tions to obtain a global picture.

Because SJS/TEN is a rare condition that is probably
associated with a complex genetic inheritance back-
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ground, it is possible that specific combinations of genes
are required for the onset of the disease. The strong
association of specific HLA antigens with SJS with
ocular complications may be a clue to understanding its
basic pathobiology and enables us to develop a reliable
test for predicting subjects susceptible to SJS with ocular
complications.
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Letters to the Editor

Association of IL4R polymorphisms with
Stevens-Johnson syndrome

To the Editor:

Stevens-Johnson syndrome (SJS) and toxic epidermal
necrolysis (TEN) are acute-onset mucocutaneous diseases
induced by infectious agents and/or inciting drugs.'

Although the pathobiological mechanisms underlying
the onset of SJIS/TEN have not been fully established, the
extreme rarity of cutaneous and ocular surface reactions to
drug therapies led us to suspect individual susceptibility.
In the acute stage, patients with SJS/TEN manifest
vesiculobullous skin lesions, severe conjunctivitis, and
persistent corneal epithelial defects. In the chronic stage,
ocular surface complications such as conjunctival inva-
sion into the cornea due to corneal epithelial stem cell
deficiency persist (Fig 1, A). We observed that more than
95% of patients with SIS/TEN with ocular surface compli-
cations had lost their fingernails in the acute or subacute
stage and that some continue to have transformed nails
even after healing of the skin lesions (Fig 1, B). Our study
focused on patients with SIS/TEN accompanied by ocular
surface complications.

Previous reports suggested that SJS might have an
allergic basis with drugs and infectious agents and that
allergic predisposition may play a role in the development
of SIS.! We performed polymorphism analysis of the
allergy-related gene IL4R to examine the association
between SJS/TEN and allergic predisposition.

In this study, we analyzed polymorphisms of lle50Val
(rs.1805010), Ser478Pro (rs.1805015), and GIn551Arg
(rs.1801275) in the IL4R gene between Japanese patients
with SJIS/TEN and Japanese healthy volunteers. We also
examined the serum IgE levels.

This study was approved by the institutional review
board of Kyoto Prefectural University of Medicine,
Kyoto, Japan. All experimental procedures were con-
ducted in accordance with the principles set forth in the
Helsinki Declaration. For single nucleotide polymorphism
(SNP) analysis, we enrolled 70 patients with SIS/TEN; all
presented with ocular surface complications. The controls
were 160 healthy volunteers. All participants and volun-
teers were Japanese residing in Japan. The average age of
the patients and controls was 45.8 * 17.6 (SD) and 36.2 +
11.5 (SD) years, respectively. The male:female ratio in
the patient and control groups were 31:39 and 57:103,
respectively. SNP analysis was performed by direct
sequencing.

For total IgE measurement and antigen-specific IgE
assay, we enrolled 30 patients with SJS/TEN in the
chronic phase. The controls were 160 and 30 healthy
volunteers, respectively. Antigen-specific IgE were de-
tected at SRL Inc (Tokyo, Japan) by using MAST-26
(Multiple Antigen Simultaneous Test; Hitachi, Tokyo,
Japan), an allergy testing system.

A summary of the case-control association study with
the 3 genotyped SNPs is shown in Table 1. All 3 SNPs

FIG 1. A, Ocular surface complications in patients with SJS/TEN in
the chronic stage. B, Transformed fingernail in thumb of a 7-year-
old girl, 5 months from SJS/TEN onset {(subacute stage). Note the
persistent nail bed inflammation. C, Discharge from the conjuncti-
val sac of patients with SJS/TEN in the subacute stage.

were in Hardy-Weinberg equilibrium in both the patients
with SJS/TEN and healthy controls (P > .01). Among
the 3 SNPs of IL4R, GIn551Arg showed a significant as-
sociation with allele frequency (A vs G, raw P value =
.0019; corrected P value = .0057; odds ratio, 3.4) and
the dominant model (A/A vs A/G + G/G, raw P value =
.0025; corrected P value = 0.0075; odds ratio, 3.5). SIS/
TEN was associated with GIn551Arg, shown to have no
effect on IgE synthesis,” but not with Ne50Val and
Ser478Pro, which are associated with IgE synthesis.””
Furthermore, in GInS51Arg polymorphisms, although
Arg551 alleles were significantly increased in atopy*
and asthma,’ in patients with SJS/TEN, GIn551- but not
Arg551 alleles were significantly increased. Next we in-
vestigated the relationship between serum IgE and SJS/
TEN; we assayed both total and antigen-specific IgE. As
shown in Table II, there was no significant difference be-
tween patients with SJS/TEN and the controls with respect
to the incidence of high total serum IgE. In addition, as-
sessment of positivity for antigen-specific IgE showed
no marked difference between the 2 groups (Table III).
Our results indicate that serum IgE was not associated
with SJS/TEN and coincide with the finding that it was
associated with GIn551Arg, which has no effect on IgE
synthesis.

A strong genetic predisposition underlies the manifes-
tation of allergic diseases.” IL4R is representative of the
candidate genes for atopy and asthma, which are biologi-
cally linked to T2 cytokine—driven inflammatory mecha-
nisms.>>

Our results show that in Japanese patients with SJS/
TEN, there might be an association with polymorphisms
in the /L4R gene. However, on the basis of our findings,
we posit that SJS/TEN is different from allergic diseases
such as atopy and asthma because the ratio of each allele
of the polymorphisms was opposite that reported in atopy
and asthma.

It has been suggested that the pathogenesis of TEN
involves cytotoxic CD8" lymphocytes.® Because CD8* T
cells involve Ty1 cytokine—driven inflammatory mecha-
nisms, such mechanisms may be involved in the skin in-
flammation seen in the acute stage of SJS/TEN. In
contrast, T2 cytokine—driven inflammatory mechanisms
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TABLE I. Genotype frequencies for /L4R gene SNPs and SJS/TEN susceptibility

Allele 1 vs allele 2

Genotype 11 vs 12+22 Genotype 11+12 vs 22

Control (%} SJS/TEN (%) P value {x?) P value (x%) P value (x?)
{N = 160) (N =70} OR (95% ClI) OR (95% Cl) OR (95% Cl)
Val(G)S0 lle(A)
11 GG 74 (46.2) 36 (51.4) .60 47 99
12 GA 61 (38.1) 23 (32.9) - — —
22 AA 25 (15.6) 11 (15.7) — — -
Ser(T)478Pro(C)
TT 135 (84.4) 60 (85.7) .80 79 —
TC 25 (15.6) 10 (14.3) — — —
CcC 0 (0) 0 (0) — — —
GIn(A)551Arg(G)
AA 115 (71.9) 63 (90.0) 0019 0025 —
AG 41 (25.6) 7 (10.0) 34 35 —
GG 4 (2.5) 0 ) (1.5-7.8) (1.5-8.3) —
TABLE Il Total serum IgE Given the association between the onset of SIS/TEN
and infections,' we considered the possibility that there is
Total IgE SJS (N = 30} Control {N = 160}

Normal (<173 IU/mL)
High (>173 IU/mL)

67% (20/30)
33% (10/30)

69% (111/160)
31% (49/160)

TABLE Illl. Antigen specific serum IgE (MAST-26%)

No. of positive allergens SJS (N = 30) Control (N = 40)
0 36.7% (11/30) 30.0% (12/40)
1 10.0% (3/30) 22.5% (9/40)

2 13.3% (4/30) 17.5% (7/40)

3 13.3% (4/30) 10.0% (4/40)

4 16.7% (5/30) 10.0% (4/40)
>5 10.0% (3/30) 10.0% (4/40)

*The 26 allergens in MAST-26 were house dust mite Dermatophagoides
farinae, house dust, cat and dog epidermis, pollen from timothy,
anthoxanthum odoratum, a ragweed mixture, mugwort, Japanese cedar,
Penicillium, Cladosporium, Candida, Alternaria, Aspergillus, wheat, soy
bean, rice, tuna, salmon, lobster, crab, cheddar cheese, milk, beef, chicken,
and egg white.

may play a role in the inflammation seen in allergic
diseases such as atopy and asthma. >3

Ophthalmologically, the ocular surface inflammation
seen in SJS/TEN is quite different from the allergic
inflammation. In SJIS/TEN, goblet cells in the conjunctiva
are remarkably decreased or disappear,” whereas in aller-
gic diseases, their number is increased.” 1L4 induces the
differentiation of 1L4R-expressing epithelium into mu-
cous goblet cells.” We confirmed IL4R-specific mRNA
expression in conjunctival epithelial cells. IL4R on the
ocular surface might play an important role in the ocular
surface inflammation seen in not only allergic diseases
but also SIS/TEN. The discharge from the ocular surface
of patients with SIS/TEN in acute or subacute stage con-
sists primarily of neutrophils (Fig 1, C); in patients with
M allergic and atopic conjunctivitis, it is mainly composed
} of eosinophils. Thus, on the basis of both dermatologic
| and ophthalmologic findings, SIS/TEN is quite different
from allergic diseases. '

an association between SJS/TEN and a disordered innate
immune response. Therefore, we performed gene expres-
sion analysis and found that /L4R gene expression was dif-
ferent in patients with SIS/TEN and the controls; on LPS
stimulation, it was downregulated in patients with SJS/
TEN and slightly upregulated in the controls (data not
shown). We also found that in human corneal epithelial
cells, IL4R-specific mMRNA was downregulated on stimu-
lation with polyinosine-polycytidylic acid, which mimics
viral components (data not shown). Our findings suggest
that IL4R might be linked with innate immunity.
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Sensitization to Cannabis sativa caused by a
novel allergenic lipid transfer protein, Can s 3

To the Editor:

The plant nonspecific lipid transfer protein (LTP) family
includes a high number of 9-kd allergens, mainly from
foods. These have been well-characterized as mediators of
sensitization by ingestion.! However, there are also LTPs
associated with pollinosis, with some of them responsible
for cross-sensitization between pollen (ie, mugwort, plane
tree) and plant foods (ie, peach, cabbage, chestnut).’
Furthermore, sensitization by the respiratory route has
been recently reported for food LTPs, such as those from
rice® and wheat Tri a 14 linked to baker’s asthma.*

Allergy to marijuana (Cannabis sativa) is rare, but sev-
eral cases of allergic disorders caused by inhalation during
smoking, injection, or even ingestion of Cannabis have
been reported,>® and cross-reactivity with plant foods,
such as tomato, was suggested.® Interestingly, Cannabis
is used not only for recreational activity but also as a med-
ical drug to improve the quality of life in some illnesses.
No marijuana allergen has ever been isolated and charac-
terized to date. We describe the identification of the most
probable allergen causing allergy to marijuana and several
plant foods.

A 28-year-old man without any previous allergic
symptoms initially reported contact urticaria with the
marijuana plant. Subsequently, after smoking the plant,
the patient presented sneezes, watery rhinorrhea, palpe-
bral edema, itching, and eye redness, thus stopping the
consumption. He presented the same symptoms in places
where marijuana was being smoked. Some months later
(no allergic reaction to food was previously shown), the
patient had anaphylaxis (urticaria-angioedema, hypoten-
sion, dyspnea, and hypoxemia) after the ingestion of
tomato and pepper, contact urticaria with peach peel,
anaphylaxis by fig, and oral allergy syndrome by apple,
almond, eggplant, and chestnut. Rubbing skin test with
peach peel and marijuana leaves were positive, as well as
skin prick tests with commercial extracts (ALK-Abelld,
Madrid, Spain) of apple, peach, and tomato and with a
crude extract from marijuana buds (0.5 mol/L NaCi, pH
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FIG 1. Protein staining (Coomassie) and immunodetection with pol-
yclonal antibodies against Pru p 3 (Anti-Pru p 3) or with the pa-
tient’s serum (Serum) of the following samples separated by
SDS-PAGE: marijuana extract (Et; 20 pg), its retained (R; 15 pg)
fraction after cation exchange chromatography, and purified aller-
gens Can s 3 (Cs3)and Pru p 3 (Pp3,5 g each).

3.0, 1:10 wt:vol, 1 hour at room temperature, 100 pg
protein/mL) and purified Pru p 3 (the major LTP and
allergen from peach fruit; 20 pg/mL). The serum of
the patient was obtained for further evaluation (with
written informed consent and approval from the Hospital
Ethics Committee). Total IgE was 235 kU/L, and
specific IgE to peach, 3.05 kU/L; apple, 1.96 kU/L;
tomato, 1.51 kU/L; fig, 1.18 kU/L; almond, 0.77 kU/L;
and hazelnut, 3.93 kU/L (CAP system FEIA; Phadia,
Uppsala, Sweden).

To search for potential allergens, the crude extract from
marijuana was separated by SDS-PAGE and IgE immu-
nodetected with the patient’s serum (Fig 1). IgE-binding
components of approximately 9 kd, 14 kd, and 35 to
100 kd were detected, being the same blot also recognized
by rabbit polyclonal antibodies to peach Pru p 3 (Fig I).
This peach allergen weakly reacted with IgE from the
patient’s serum (Fig 1). All these results suggested that a
LTP was involved in Cannabis sensitization.

To support this hypothesis, the 9-kd IgE-binding
protein was purified from the marijuana extract by means
of a 2-step chromatographic procedure: cation-exchange
chromatography on an Acell Plus CM Waters SepPak
Cartridge (Waters, Milford, Mass; retain fraction shown
in Fig 1) followed by reverse-phase HPLC separation
of the retained material on a Nucleosil 300-C4 column
(8 X 250 mm; particle size, 5 wm; Scharlau Science,
Barcelona, Spain). The purified protein, hereafter named
Can s 3, showed a single band on SDS-PAGE, bound
IgE from the patient’s serum (Fig 1), and was identified
as LTP according to its N-terminal amino acid sequence
(XITCGQVASS), molecular size (9226 d as determined
by matrix-assisted laser desorptionfionization analysis), J
and recognition by anti~Pru p 3 antibodies (Fig 1). In vitro g
tests (specific IgE determination, ELISA inhibition and
basophil activation test) performed as previously de-
scribed” supported the relevance of the purified protein
as Cannabis allergen (Fig 2). IgE to Can s 3, as well as
to Pru p 3, was found in the patient’s serum, and inhibition
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TABLE. Intravitreal Prednisolone Sodium Succinate
Injections for Persistent Diabetic Macular Edema:
Qualitative (FAG) or Quantitative (OCT) Assessment of
CME at 3 Months, Whereupon the Decision to Re-treat
was Based

CME at 3 Months: CME at 6 Months:

FAG or OCT FAG or OCT
Worse 2 (10.5%) 3 (15.8%)
Stabile 3(15.8%) 3(15.8%)
Decreased 14 (73.7%) 13 (68.4%)

CME = cystoid macular edema; FAG = fluorescein angiogra-
phy; OCT = ocular coherence tomography.

Need for retreatment was based on fluorescein angiographic
or OCT evidence of persisting (eg “worse or stabile”) macular
edema at 3-month follow-up. The pre- and posttreatment an-
giograms at 6 months were reviewed in a masked fashion.

months mean visual acuity improvement was 54 ETDRS
letters. Visual acuity at six months was stabilized or impraved
in 89% of the eyes. Two (119%) of the 19 eyes had a
regression in visual acuity at six months compared with
preoperatively, although both eyes showed a visual im-
provement at three months. For all eyes, mean intraocular
pressure before injection was 15.6 (+ 3.1) mm Hyg, and at
six months postoperative 14.3 (= 2.9) mm Hg. We did not
observe intraocular pressures that exceeded 22 mm Hg in
any of the eyes during follow-up, and no antiglaucoma
medication was necded. Retrearment rate was 1.3 injec-
tions per eye after a mean period of 13.2 weeks. Macular
edema decreased in 13 eyes (69.4%) (Figure 2, Table). No
other adverse events, such as endophthalmitis, vitreous
hemorrhage, or retinal detachment occurred.

In summary, mean visual acuity improvement after intra-
vitreal prednisolone sodium succinate was statistically signif-
icant compared with preoperative visual acuity up to six
months postoperatively. Prednisolone sodium succinate
has glucocorticoid activity, but we encountered no signif-
icant increase in intraocular pressure and no other adverse
events in the small group of studied eyes during follow-up,
although no risk factors for glaucoma (i.e., family history,
myopia greater than 5 diopters, or a history of collagen
vascular disease) were present in any of the study patients.
Perhaps this may be attributable to the fact that, in
contrast with the crystalline cortisone of triamcinolone
acetonide, prednisolone sodium succinate is injected as a
transparent solution. Although the number of eyes in this
pilot study was limited, results suggest that intravitreal
injection of the transparent solution of prednisolone so-
dium succinate may be a safe and good alternative for
triamcinolone acetonide in eyes with macular edema.
Because the follow-up in this study was short, long-term
efficacy of intravitreal prednisolone sodium succinate
needs further analysis.’
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A Comparison Between Cultivated
and Conventional Limbal Stem Cell
Transplantation for Stevens-Johnson
Syndrome
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Tomo Suzuki, MD, PhD,
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and Shigeru Kinoshita, MD, PhD

PURPOSE: To compare the resolution of inflammation and
long-term results of cultivated and conventional limbal
stem cell transplantation (LSCT) in a patient with Stevens-
Johnson syndrome (S]S).

DESIGN: Interventional case report.

METHODS: A 32-year-old man with SJS and bilateral total
limbal stem cell deficiency underwent cultivated LSCT in
the right eye, followed by conventional LSCT in the left
eye three weeks later. The postoperative medication
included dexamethasone 0.1% and ofloxacin 0.3% eye-
drops and a tapering dose of systemic corticosteroid,
cyclosporine, and cyclophosphamide. Tear samples were
collected and analyzed for interleukin (IL) 8 levels.
RESULTS: Complete corneal epithelialization was achieved
48 hours after cultivated LSCT, compared with three
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weeks after conventional LSCT. Ocular inflammation
and IL-8 levels decreased more rapidly in the eye with
cultivated LSCT. Four years after surgery, more severe
corneal scarring and opacification were noted in the
conventional LSCT eye.

CONCLUSIONS: Cultivated LSCT resulted in a better clinical
result and vision, with less stromal scarring compared
with conventional LSCT. (Am ] Ophthalmol 2007;
143:178-180. © 2007 by Elsevier Inc. All rights re-

served.)

SEVERE OCULAR SURFACE DISEASE AND LIMBAL STEM
cell destruction arising from Stevens-Johnson syndrome
(SJS) remain a major clinical challenge for ophthalmolo-
gists because these conditions do poorly with conventional
corneal transplantation. Limbal stem cell transplantation
(LSCT) helps to regenerate the corneal epithelium in
these severely damaged eyes.! More recently, cultivated
LSCT has also demonstrated promising results.23 How-
ever, most of these studies have been noncomparative case
series. To date, to our knowledge, there has been no report
comparing the relative efficacy of conventional and culti-
vated LSCT. We describe a comparison of the long-term
efficacy of cultivated and conventional LSCT in a patient
with SJS and compare the resolution of ocular inflamma-
tion by cytokine analysis.#

A 32-year-old man with SJS developed bilateral total
limbal stem cell deficiency with subtotal persistent epithe-
lial defects, corneal conjunctivalization, and neovascular-
ization. His visual acuity for both eyes was 20/40, and both
eyes had severe persistent inflammation. Cultivated LSCT
was performed in the right eye three months after disease
onset. Limbal epithelial cells of donor tissue from North-
west Lion Eye Bank were enzymatically disaggregated and
cultured on a denuded amniotic membrane, as previously
described.? Surgery involved removal of the corneal pan-
nus and scarred perilimbal tissue, application of mitomy-
¢in-C 0.04%, and transplantation of the cultivated corneal
epithelial sheet.? Postoperative medication included dexa-
methasone 0.1% and ofloxacin 0.3% eyedrops and a
tapering dose of systemic corticosteroid, cyclosporine, and
cyclophosphamide. Three weeks later, the patient under-
went conventional LSCT in the left eye. Excision of the
diseased tissue and mitomycin C application was similarly
performed, followed by transplantation of four quadrants of
limbal allografts onto the recipient limbal region. A similar
postoperative medication regime was used. Tears collected
before and after surgery were analyzed for interleukin
(IL)-8 levels with an enzyme-linked immunosorbent assay
test (ELISA) kit.4

Complete epithelialization was achieved 48 hours after
cultivated LSCT, compared with three weeks after con-
ventional LSCT. Ocular inflammation and IL-8 levels
were noted to decrease more rapidly in the eye with culti-
vated LSCT compared with the conventional LSCT eye
(Figures 1 and 2). The eye with conventional LSCT devel-

Vou. 143, NO.1

FIGURE 1. Preoperative and postoperative appearance of cul-
tivated (left) and conventional limbal stem cell transplantation
(right). (Top) Preoperative appearance. (Middle) Postoperative
appearance at two months. (Bottom) Postoperative appearance
at four years.
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FIGURE 2. Cultivated and conventional limbal stem cell trans-
plantation, pre- and postoperative interleukin (IL)-8 concen-
tration in tears. A faster decrease in IL-8 levels was noted after
cultivated epithelial transplantation compared with conven-
tional limbal transplantation.

oped greater stromal scarring and vascularization, whereas
the cultivated LSCT eye remained reasonably clear
(Figure 1, Bottom). Four years after surgery, visual acuity
was 20/30 in the right eye and 20/100 in the left eye, with
more severe corneal scarring and opacification noted in the
left eye. The corneal epithelium remained fairly stable in
both eyes.
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We compared the clinical results of conventional and
cultivated LSCT in the smme patient with S§JS, thereby
climinating any interpatient variabilicy. Cultivared LSCT
resulted in a better clinical result and vision, with less stromal
scarring compared with conventional LSCT. IL-8, a proin-
flammatory cytokine, was found to decrease more rapidly in
the cye with cultivated LSCT. The almost immediate epi-
thelialization achieved by the cultivated epithelial sheet,
together with the use of an amniotic membrane substrate,
may have contributed to faster ocular rehabilitation, with
reduced inflammation and corneal scarring. Reduced stromal
scarring allows repeat transplantation to be easily performed,
without requiring further lamellar dissection in an already
compromised cormnea.’ This study provides valuable informa-
tion regarding the effective use of cultivated LSCT for the
treatment of total limbal stem cell deficiency in SJS.
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Aspergillus fumigatus Colonization
of Punctal Plugs
Khalid F. Tabbara, MD

PURPOSE: Punctal plugs are used in patients with dry eye
syndrome to preserve the tears. In this report, I present two
cases of Aspergillus fumigatus colonization of punctal plugs.
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DESIGN: Observational series of two cases.

METHODS: Approval was obtained from the institutional
review board. Two men aged 29 and 31 years devel-
oped black spots inside the hole of punctal plug, which
looked like eyeliner deposits. The deposits inside the
hole of the plug in each patient were removed and
cultured.

RESULTS: Cultures of the two punctal plugs black
deposits grew A fumigatus. Bacterial cultures were
negative.

CONCLUSIONS: Colonization of the punctal plug hole
with A fumigatus was observed in two cases. It is
recommended that punctal plugs be removed in pa-
tients undergoing refractive or intraocular procedures
or in patients who are receiving topical corticosteroids.
Current punctal plugs should be redesigned to avoid
the presence of an inserter hole. (Am J Ophthalmol
2007;143:180-181. © 2007 by Elsevier Inc. All

rights reserved.)

UNCTAL PLUGS ARE USED FOR THE MANAGEMENT OF

dry eye syndrome.t-4 The plugs help in preservation
of tears and are indicated in certain cases of laser in situ
keratomileusis and contact lens intolerance. Dry eye
syndrome may compromise the ocular surface, leading to
corneal erosions that may predispose the patient to
microbial keratitis. Punctal plugs may cause localized
entrapment and colonization of bacteria and fungi. Most
of the punctal plugs have a central hole where the
inserter pin is fitted for insertion of the plug. The
inserter pin is withdrawn, leaving an open cavity.
Colonization of organisms may occur inside the plug
hole.5 The main purpose of this report is to present two
cases of Aspergillus fumigatus growth inside the punctal
plug hole.

® CASE 1: A 29-year-old man who presented with his-
tory of foreign body sensation and mucoid discharge of
two years’ duration. He was found to have normal vision
and reduced rearing. He had bilateral pinguecula and no
corneal staining. The rest of the examination was
normal. The patient was diagnosed as having dry eye
syndrome, and the lower puncta were occluded by Eagle
FlexPlug (EagleVision, Memphis, Tennessee, USA).
After insertion of the punctal plug, the patient’s symp-
toms improved. Three months after the insertion of the
plug, he came for a follow-up examination and was
found to have black deposits in the punctum of the right
lower lid (Figure 1). The deposits in the hole of the
punctal plug were removed and cultured onto Sabouraud
agar, blood agar, chocolate agar, and thioglycolate. The
culture netted a pure growth of A fumigatus. There was
no bacterial growth. The patient was followed, and he
had no canaliculitis and no evidence of conjunctivitis or
keratitis.
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New Grading System for the Evaluation of
Chronic Ocular Manifestations in Patients
with Stevens—Johnson Syndrome

Chie Sotozono, MD, PhD,! Leonard P. K. Ang, FRCS, MRCOphth,' Noriko Koizumi, MD, PhD,’
Hisayo Higashihara, MD,' Maywmi Ueta, MD, PhD,! Tsutomu Inatomi, MD, PhD,'

Norihiko Yokoi, MD, PhD," Minako Kaido, MD,? Murat Dogrie, MD, PhD,? Jun Shimazaki, MD, PhD,?+
Kazuo Tsubota, MD, PhD,? Masakazu Yamada, MD, PhD,* Shigeru Kinoshita, MD, PhD'

Purpose: To evaluate and grade the extent and severity of chronic ocular manifestations in Stevens-
Johnson syndrome (SJS).

Design: Prospective multicenter case series.

Participants: We enrolled 73 patients (138 eyes) with SJS seen between April 2003 and March 2005 at 3
tertiary referral centers.

Methods: Patients with a confirmed history of SJS and chronic ocular complications that persisted for at
least 1 year from the onset of SJS were included. Their detailed medical history and ophthalmic examination
results were recorded on an itemized data collection form. Complications were categorized as corneal, con-
junctival, and eyelid complications, and 13 components were evaluated and graded on a scale from 0 to 3
according to their severity.

Main Outcome Measures: These were broadly classified as corneal (superficial punctate keratopathy,
epithelial defect, loss of the palisades of Vogt, conjunctivalization, neovascularization, opacification, keratiniza-
tion), conjunctival (hyperemia, symblepharon formation), and eyelid (trichiasis, mucocutaneous junction involve-
ment, meibomian gland involvement, punctal damage) complications.

Results: The most severely affected complication components were loss of the palisades of Vogt (114 eyes;
82.6%) and meibomian gland involvement (102 eyes; 73.9%). Visual acuity in 74 of the 138 eyes (563.6%) was
worse than 20/200. The severity of corneal, conjunctival, and eyelid complications was significantly correlated
with visual loss. All 13 complications were correlated significantly with logarithm of the minimum angle of
resolution (logMAR) visual acuity; the correlation coefficient (R) ranged from 0.359 to 0.810 (P<0.0001); for
corneal epithelial defects, AR was 0.169 (P = 0.0473). Eyes with a higher total score for the 3 complication
categories had poorer vision (R = 0.806; P<0.0001). Multivariate regression analysis showed that corneal
neovascularization, opacification, keratinization, and cataracts significantly affected logMAR visual acuity
(P<0.0001, P<0.0001, P = 0.0142, P = 0.0375, respectively).

Conclusions: The authors describe a new method for grading the extent and severity of ocular involvement
in patients with SJS and demonstrate that the severity of ocular involvement is correlated significantly with the
final visual outcome. This new grading system provides a more objective method for evaluating SJS patients and
may be adapted for use in other cicatricial ocuiar surface diseases. Ophthalmology 2007;114:1294-1302 © 2007
by the American Academy of Ophthalmology.

Stevens—Johnson syndrome (SIS) is an acute, self-limiting
disease of the skin and mucous membranes that predisposes
patients to life-threatening complications such as sepsis.
respiratory dysfunction, and multiorgan failure. In the acute
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stage, more than 50% ol patients experience ocular compli-
cations ranging from minimal (e.g., mild conjunctival hy-
pereamia) to very severe (e.g., corneal melting and perfora-
tion).'"* Inflammation and epithelial erosion of the ocular
surface often persist beyond the acute stage and the resolu-
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tion of skin eruptions, leading to ocular complications and
scarring in the chronic stage. Severe ocular surface disease
arising from SJS encompasses a spectrum of ocular mani-
festations and complications that often is associated with
significant visual morbidity. Visual impairment and ocular
discomfort continue throughout life and patients usually
require long-term medication for disease control.

Over the past 40 years, it has been widely accepted that
erylhema multiforme (EM), SJS, and toxic epidermal
necrolysis (TEN) are part of a single EM spectrum.>~’
However, because no clear diagnostic criteria have been
established, reaching a definitive diagnosis can be difficult.
Roujeau,® who performed a retrospective analysis of the
type and distribution of skin lesions and the extent of
epidermal detachment, concluded that EM major (EMM)
and SJS were 2 separate clinical entities that differed with
respect to histopathologic changes and cause. A large inter-
national case-control study, called the Severe Cutaneous
Adverse Reaction study, prospectively evaluated the valid-
ity of this clinical distinction; its results strongly support the
hypothesis that EMM is different from SJS and TEN, and
that SJS and TEN are severity variants of a single entity.’
The classification was based on the clinical appearance and
pathologic results of skin lesions present in the acute stage.
However, patients often seek treatment from ophthalmolo-
gists in the late stage of the disease with chronic cicatricial
complications, after resolution of the dermatologic changes,
and it can be difficult to elicit the original clinical manifes-
tations used to distinguish between EMM and SJS or TEN
from patients seen many years after disease onset. There-
fore, from the ophthalmologist’s perspective, ocular surface
diseases arising from EM, SJS, or TEN often are regarded
collectively as SJS.

Corneal transplantation in SJS patients with severe ocu-
lar surface disease is associated with a poor prognosis.
Persistent epithelial defects occurring after penetrating or
lamellar keratoplasty often progress to corneal melting and
perforation, Transplanted limbal stem cells or keratoepithe-
lioplasty in these chronically inflamed eyes often elicit graft
rejection and loss of donor epithelial cells, resulting in
progressive conjunctivalization, scarring, and visual loss.8?
Over the past decade, new ocular surface reconstructive
procedures such as amniotic membrane and cultivated epi-
thelial transplantation have yielded promising results for the
treatment of SJS.'"!! However, despite its potentially dev-
astating nature and the increasing indications for ocular
reconstructive surgery, there is currently no standardized
method for evaluating the spectrum of ocular manifestations
and the severity of ocular complications in this blinding
disease.

The aims of this study were to elucidate the profile of
chronic ocular manifestations in SJS patients and to develop
an objective method for grading the extent and severity of
ocular complications in patients with cicatricial ocular sur-
face diseases. Three large tertiary referral ophthalmic cen-
ters participated in this multicenter study; to our knowledge,
it represents the largest series of SJS patients with ophthal-
mic complications studied to date. Because it provides a
common platform for the discussion and management of
these patients, this study has important clinical implications

for the diagnosis, treatment, and the prediction of visual
outcomes in patients with SJS.

Patients and Methods

Patients

The 3 ophthalmic centers that participated in this multicenter
study are Kyoto Prefectural University of Medicine, Keio Uni-
versity, and National Tokyo Medical Center. All patients with
chronic ocular complications from SIS who were referred to
these centers between April 2003 and March 2005 were eval-
uated prospectively in this study. Patients with a confirmed
history of SJS and chronic ocular complications that persisted
for at least | year from the onset of SIS were included. The
diagnosis of SJS was based on a confirmed history of the acute
onset of high fever, serious mucociitaneous illness with skin
eruptions, and involvement of at least 2 mucosal sites including
the ocular surface. Eyes with a past history of ocular surface
surgery were excluded from this study. The study was approved
by the ethics committee and institutional review boards of each
institution; the guidelines of the Declaration of Helsinki in
Biomedical Research Involving Human Subjects were fol-
lowed, and written informed consent was obtained from each

. patient.

The symptomatology, physical findings, detailed ophthalmic
examination results, and ocular complications were recorded on
an itemized data collection form. The detailed ophthalmic ex-
amination included an assessment of visual acuity, tonometry,
slit-lamp examination, fluorescein staining, and anterior seg-
ment photography. A careful drug history also was obtained by
the attending physician. A drug was considered a possible
etiologic agent if it had been taken shortly before the onset of
symptoms, that is, within 2 weeks of disease onset. If the
reaction showed signs of regression during the continued ad-
ministration of the drug, a causal relationship was considered
unlikely.

Classification and Grading of Ocular Involvement

We considered 13 components of 3 categories of ocular com-
plications to be important in the assessment of the 138 eyes;
each component was graded on a scale from O to 3, depending
on the severity of involvement. The complications were classi-
fied broadly as corneal complications, comprised of superficial
punctate keratopathy (SPK), epithelial defect, loss of the pali-
sades of Vogt (POV), conjunctivalization, neovascularization,
opacification, and keratinization components; conjunctival
complications with hyperemia and symblepharon formation as
the components; and eyelid complications consisting of trichi-
asis, mucocutaneous junction involvement, meibomian gland
involvement, and punctal damage as the evaluated components.
The following classification and grading systems were used (o
evaluate the nature of the ocular complications in these patients.

Corneal Complications

Severity of Superficial Punctate Keratopathy. We used fluores-
cein staining and a simplified method of Miyata et al'? to grade
SPK based on the area and density of the lesions. The area was
graded as AQ when there was no punctate staining and as Al, A2,
or A3 when the area occupied less than one third, one third to two
thirds, or more than two thirds of the comea, respectively. Density
was graded as DO when there was no punctate staining and as D1,
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D2, or D3 when density was sparse, moderate, or high and the
lesions overlapped, respectively. Although Miyata et al used
the sum of the grades assigned to the area and density to obtain the
final grade for the eye, we simplified their grading system and
assigned scores of 0 through 3: A1D1 was scored as 0; A1D2 or
A2D1 was scored as 1; A1D3, A2D2, or A3D1 was scored as 2;
and A2D3, A3D2, or A3D3 was scored as 3.

Corneal Epithelial Defect. The extent of corneal epithelial
defect was scored from O through 3, where 0 = no epithelial
defect, 1 = epithelial defect involving less than one quarter of
the corneal surface, 2 = defect involving one quarter to one
half, and 3 = defect involving more than one half of the corneal
surface.

Loss of the Palisades of Vogt. The extent of the loss of the
limbal POV was graded from 0 through 3, where 0 = presence of
the entire POV, | = loss of less than half of the entire circumfer-
ence of POV, 2 = loss of more than half of the entire circumfer-
ence of POV, and 3 = total loss of POV.

Conjunctivalization. The extent of conjunctivalization was
graded clinically from O through 3 as follows: 0 = absence of
conjunctivalization, I = conjunctivalization involving less than
one quarter of the corneal surface, 2 = conjunctivalization
involving one quarter to one half, and 3 = conjunctivalization
involving more than one half of the corneal surface (Fig I).

Corneal Neovascularization. The extent of corneal neovas-
cularization was scored from O through 3, where 0 = no
neovascularization, | = neovascularization confined to the cor-
neal periphery, 2 = neovascularization extending up to the
pupil margin, and 3 = neovascularization extending beyond the
pupil margin into the central cornea (Fig 1). In eyes where
significant opacification or extensive symblepharon formation
made it difficult to evaluate corneal neovascularization, a score
of 3 was assigned.

Corneal Opacification. The severity of comneal opacification
was graded from O through 3, where 0 = clear cornea with iris
details clearly visualized, 1 = partial obscuration of the iris details,
2 = iris details poorly seen with pupil margin just visible, and 3 =
complete obscuration of iris and pupil details (Fig 1).

Corneal Keratinization. The extent of keratinization was
graded from O through 3, where 0 = no corneal keratinization, 1 =
keratinization involving less than one quarter of the corneal sur-
face, 2 = keratinization involving one quarter to one half, and 3 =
keratinization involving more than one half of the corneal surface
(Fig 1).

Conjunctival Complications

Conjunctival Hyperemia. Conjunctival hyperemia was graded
from O through 3 based on the following clinical features: 0 =
absence of hyperemia, 1| = mild (mild or sectoral engorgement of
the conjunctival vessels), 2 = moderate (diffuse engorgement of
the conjunctival vessels), and 3 = severe hyperemia (significant
engorgement of the conjunctival vessels).

Symblepharon Formation. The extent of symblepharon for-
mation was scored from O through 3, where 0 = no symblepharon,
1 = symblepharon formation involving only the conjunctival
surface, 2 = symblepharon formation involving less than half of
the corneal surface, and 3 = symblepharon formation involving
more than half of the corneal surface (Fig 1).

Eyelid Complications

Trichiasis. The extent of trichiasis for the total area of the upper
and lower eyelids combined was scored as 0 through 3, where 0 =
no trichiasis, 1 = trichiasis involving less than one quarter of the
lid margin, 2 = trichiasis involving one quarter to one half of
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the lid margin, and 3 = trichiasis involving more than one half of
the lid margin.

Mucocutaneous Junction Involvement. The severity of mu-
cocutaneous junction involvement was scored from 0 through 3,
where 0 = normal mucocutaneous junction, 1 = mild irregu-
larity of the mucocutaneous junction, 2 = moderate irregularity
of the mucocutaneous junction, and 3 = severe irregularity of
the mucocutaneous junction (Fig 2). Fluorescein staining of the
conjunctiva was helpful in evaluating the involvement of the
mucocutaneous junction. Normal mucocutaneous junction
showed the linear staining at the end of the conjunctiva, and
either mild, moderate, or severe irregularity of this line was
observed in the eyes with mucocutaneous junction involvement.
In eyes where significant keratinization of the lid margin or
extensive symblepharon formation made it difficult to evaluate
mucocutaneous junction involvement, a score of 3 was
assigned.

Meibomian Gland Involvement. The severity of meibomian
gland involvement was determined clinically by the nature of the
meibomian gland secretion expressed manually at the center of the
upper lid and was scored from O through 3, where 0 = clear oily
fluid expressed, 1 = yellowish-white oily fluid expressed, 2 =
thick cheesy material expressed, and 3 = inability to express any
fluid from the meibomian glands.

Punctal Involvement. Punctal damage and occlusion were
graded from O through 3, where 0 = normal patent puncta, 1 =
iatrogenic punctal occlusion (e.g., punctal plugs or suture), 2 = either
superior or inferior puncta occluded by scarring, and 3 = both
superior and inferior puncta occluded by scarring.

Overall Total Score

Each eye was evaluated and graded by at least 2 trained corneal
specialists. When the scores varied from one corneal specialist
to another, the scores were averaged or determined after a
discussion. The results then were added together to give an
overall score from 0 to 39, with 39 representing the most
severely affected eyes.

Visual Acuity

We categorized the 138 eyes from the 73 patients according to
their visual acuity. In group 1 (n = 28 eyes), visual acuity was
20/20 or better, in group 2 (n = 36 eyes), it was worse than 20/20
and up to and including 20/200, in group 3 (n = 32 eyes), it was
worse than 20/200 and up to and including 20/2000, and in group
4 (n = 42 eyes), it was worse than 20/2000.

Eye Complications Independent of Ocular
Surface Disorders

Cataract, glaucoma, retinal diseases, or other eye diseases inde-
pendent of ocular surface- disorders also were evaluated and their
presence, absence, or the inability to diagnosis because of ocular
surface abnormalities was recorded.

Statistical Analysis

Spearman correlation coefficients (2-tailed) were used to evaluate
whether the scores of the 13 components were correlated with
logarithm of the minimum angle of resolution (logMAR) visual
acuity. The correlation between the total score and logMAR visual
acuity and the correlations between the subtotal scores of 3 prob-
lem categories and the total score also were evaluated. Using a
logistic regression model, the scores for each of the 13 components
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Figure 1. Grading scores of corneal and conjunctival complications.

in eyes with better visual acuity (20/200 or better; i.e., groups 1
and 2) were compared with the scores obtained for eyes with
poorer visual acuity (worse than 20/200; i.e.. groups 3 and 4). The
statistical model for predicting logMAR visual acuity was calcu-
lated using a linear model with stepwise variable selection (mul-
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tivariable regression analysis). In multivariable regression analy-
sis, cataract and glaucoma were graded as follows: with cataract, 1;
without cataract or lens invisible, 0; with glaucoma, 1; and without
glaucoma or unable to diagnosis glaucoma, 0. All statistical tests
were conducted at a 5% level of significance (P = 0.05).
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Figure 2. Grading scores of mucocutancous junction involvement. Top, Grade 1 was assigned for normal mucocutaneous junction, and grades 1, 2, and

3 were

iened for mild, moderate, and severe irregularity of the mucocutaneous juncrion, respectively. Middle, Bottom, Fluorescein staining of the

conjunctiva was helpful in evaluating the severity of the involvement of mucocutaneous junction.
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Results

A total of 138 eyes of 73 patients from the 3 institutions were
included in this study. There were 33 males and 40 females. Their
age ranged from 10 1o 83 years (meanzstandard deviation,
47.9+18.5 yeurs). At disease onsel, the patients’ ages ranged from
2 to 69 years (meanzstandard deviation, 28.4x18.2 years). and
the duration of the illness before seeking consultation at our
centers ranged from 1 to 54 years (meanz*standard deviation,
18.8:£ 15.5 years). Drugs were the most commonly associated
etiologic factor in 47 patients (64.49). Because 14 of these pa-
tients used 2 or 3 types of drugs simultancously, it was difficult to
identify the drug(s) implicated in disease onset; therefore, we
considered all their drugs to be causative. The causative drugs
were antibiotics in 21 patients. cold remedies in I8 patients,
nonsteroidal antiinflammatory drugs in 10 patients, anticonvul-
sants in 6 patients, and other in 4 patients. The precise history
regarding the use of drugs was unclear in 20 patients because of
the long interval between disease onsetl and this study.

Corneal Complications

A detailed summary of the 7 evaluated components comprising
corneal complications is shown in Table 1. Among the 138 eyes
examined, 114 (82.6%) manifested a total loss of POV (grade 3).
Moderate to severe (grade 2 or 3) corneal SPK was present in 93
eyes (67.4%), neovascularization was present in 83 eyes (60.1%),
and conjunctivalization was present in 82 eyes (59.4%).

Conjunctival and Eyelid Complications

Among the 6 evaluated components that comprise conjunctival
and eyelid complications, the meibomian glands were most fre-
quently and most severely involved; 102 of the 138 eyes (73.9%)
manifested grade 3 meibomian gland involvement (Table 2). The
scores for punctal damage and mucocutaneous involvement also
were high; grade 2 or 3 punctal damage was assigned to 93 eyes
(67.4%), and grade 2 or 3 mucocutaneous involvement was as-
signed to 71 eyes (51.4%).

Eye Complications Independent of Ocular
Surface Disorders

Cataract was observed in 11 of 138 eyes. Glaucoma was diagnosed
in 4 eyes, none of which had central loss of visual fields. There
were no other eye complications independent of ocular surface
disorders.

Visual Acuity

The number of eyes in each of the 4 groups was fairly evenly
distributed (Table 3). Of the 138 eyes examined, 74 (53.6%) had

Table 1. Summary of Corneal Complications (138 Eyes)

Grade O, Grade 1, Grade 2, Grade 3,
Complication no. (%) no. (%) no. (%) no. (%)
Superficial punctate 22(159) 23(16.7) 18(13.0) 75 (54.3)
keratopathy
Epithelial defect 135 (97.8) 2(1.4) 1(0.7) 0(0)
The loss of palisades 21(15.2) 3(2.1) 0¢0) 114 (82.6)
of Vogt
Conjunctivalization 41(29.7) 15(109) 10(7.2) 72 (52.2)
Neovascularization 35(254) 20(14.5) 22(15.9) 61 (44.2)
Opacification 43(31.2) 41(29.7) 28(20.3) 26 (18.8)
Keratinization 105 (76.1) 10(7.2) 5(3.6) 18 (13.0)
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Table 2. Summary of Conjunctival and Eyelid Complications

(138 Eyes)
Grade O, Grade 1, Grade 2, Grade 3,
Complications no. (%) no. (%) no. (%) no. (%)
Conjunctival complications
Hyperemia 46 (33.3) 61(44.2) 15(109) 16(11.6)
Symblepharon formation 40 (29.0) 54 (39.1) 21(15.2) 23(16.7)
Eyelid complications
Trichiasis 42 (30.4) 41(29.7) 44(31.9) 11(8.0)
Mucocutaneous junction 16 (11.6) 51 (37.0) 34 (24.6) 37 (26.8)
involvement
Meibomian gland 13(9.4) 14(10.1) 9(6.5) 102(73.9)
involvement
Punctal damage 36 (26.1) 9(6.5) 15(10.9) 78(56.5)

visual acuity worse than 20/200 (group 3, n = 32; group 4, n =
42). Only 28 eyes (20.3%) had visual acuity equal to 20/20 or
better.

Correlation between Visual Acuity and Grade
of Complications

When we compared eyes with better (20/200 or better) and worse
(worse than 20/200) visual acuity with respect to the scores ob-
tained for each of the 13 components, we found that with the
exception of epithelial defect, the scores differed significandly
(Table 4).

We estimated the correlation coefficient between the visual
acuity of the 138 eyes and the severity grade, scored from O to 3,
of each of the 13 evaluated components in the 3 categories of
complications. We found that all 13 components were correlated
significantly with logMAR visual acuity; the correlation cocfti-
cient (R) ranged from 0.359 to 0.810 (P<0.0001); for corneal
epithelial defects, the value was R = 0.169 (P = 0.0473; Table 5).
Of all the scores, corneal neovascularization, opacification, and
conjunctivalization were most highly correlated with poor vision
(R = 0810, P<0.0001; R = 0.784, P<0.0001; and R = 0.726,
P<0.0001, respectively).

The statistical model for predicting logMAR visual acuity was
calculated using a linear model with stepwise variable selection as
follows: logMAR = —0.2573 + cataract X 0.4153 + POV X
0.2814 + SPK X 0.08551 + epithelial defect X 0.3018 + neo-
vascularization X 0.3471 + opacification X 0.3202 + keratiniza-
tion X 0.1347. This multivariable regression analysis showed that
corneal neovascularization, opacification. keratinization, and cataract
had a significant effect on logMAR visual acuity (Table 6). The
predicted logMAR was correlated significantly with the actual
logMAR visual acuity measured (R = 0.960, P<<0.0001).

Overall Total Score

The mean overall total score for the 13 components was 19.3+9.5
(range, 0-35). As shown in Tables 3 and 4 and Figure 3, eyes with
a higher total score had poorer vision. The averaged scores for the
4 visual acuity groups were: group 1, 5.86 (range, 0-19); group 2,
16.64 (range, 2-28); group 3, 23.31 (range, 15-33); and group 4,
27.45 (range, 18-35). Pearson’s analysis clearly demonstrated that
the total score was significantly correlated with logMAR visual
acuity (R = 0.806, P<0.0001; Fig 3). The subtotal scores of 3
problem categories correlated with the overall total score (Fig 4).
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Table 3. Ocular Complications and Visual Acuity of Stevens—Johnson Syndrome Patients

Visual Acuity

Group 1, 20/20 or Better,

Group 2, 20/20 w Group 3, 20/200 to Group 4, Worse than

Complications Average Grade 201200, Average Grade  20/2000, Average Grade  20/2000, Average Grade
No. of eyes 28 36 32 42
Corneal complications
SPK 0.82 1.92 2.40 2.78
Epithelial defect 0 0 0.03 0.07
Loss of POV 0.82 2.78 3.00 3.00
Conjunctivalization 0.11 1.36 2.59 2.76
Neovascularization 0.25 1.11 2.38 2.90
Opacification 0.11 0.61 1.66 2.31
Keratinization 0.04 0.11 0.50 1.26
Conjunctival complications
Hyperemia 0.36 0.89 1.40
Symbiepharon formation 0.18 097 2.07
Eyelid complications
Trichiasis 0.57 1.08 1.38 1.50
Mucocutaneous junction involvement 0.79 1.56 191 2.10
Meibomian gland involvement 1.32 2.50 2.69 2.90
Punctal damage 0.50 1.78 2.65 2.58
Total score 5.86 16.64 23.31 27.45

POV = palisades of Vogr; SPK = superficial punctate keratopathy.

Discussion

Severe ocular surface disease arising from SJS or TEN is
associated with significant visual morbidity.'=* The evalu-
ation of ocular complications in these patients is extremely
important, because ocular involvement often represents the

Table 4. Comparison between Ocular Complications and
Visual Acuity

Visual Acuity Visual Acuity

of 20/200 or  Worse than
Better, 20/200,
Average Average
Complications Grade Grade P Value

No. of eyes 64 74
Cormneal complications

SPK 1.44 2.62 <0.0001

Epithelial defect 0 0.05 0.1208

Loss of POV 1.92 3.00 <0.0001

Conjunctivalization 0.81 2.69 <0.0001

Neovascularization 0.73 2.68 <0.0001

Opacification 0.39 2.03 <0.0001

Keratinization 0.08 093 <0.0001
Conjunctival complications

Hyperemia 0.66 1.31 <0.0001

Symblepharon formation 0.63 1.69 <0.0001
Eyelid complications

Trichiasis 0.86 1.45 0.0002

Mucocutaneous junction 1.23 2.01 <0.0001

involvement
Meibomian gland 2.02 2.81 <0.0001
involvement

Punctal damage 1.26 2.61 <0.0001

Total score 11.86 25.66

POV = palisades of Vogt; SPK = superficial punctate keratopathy.

only long-term complication of SJS. There is currently no
established method for evaluating the spectrum of ocular
manifestations arising from these diseases. In this study, we
detailed the characteristic ocular complications in the
chronic stage of SJS and developed a grading system to
assess more objectively the extent and severity of 13 com-
ponents of these ocular complications. To the best of our
knowledge, this is the first study that specifically attempted
to improve and standardize the evaluation of ocular com-
plications in SJS.

As we set out to develop a grading system that could be
used easily by ophthalmologists, we identified complica-
tions that were important and could be evaluated easily by
simple slit-lamp examination. After several pilot studies, we
eventually settled on 13 components of 3 categories of

Table 5. Correlation Analyses between 13 Complications and
Logarithm of the Minimum Angle of Resolution Visual Acuity

Complications Coefficient P Value
Neovascularization 0.810 <0.0001
Opacification 0.784 <0.0001
Conjunctivalization 0.726 <0.0001
Symblepharon formation 0.649 <0.0001
SPK 0.601 <0.0001
Loss of POV 0.550 <0.0001
Punctal damage 0.518 <0.0001
Mucocutaneous junction involvement 0.488 <0.0001
Keratinization 0.477 <0.0001
Meibomian gland involvement 0.453 <0.0001
Hyperemia 0.383 <0.0001
Trichiasis 0.359 <0.0001
Epithelial defect 0.169 0.0473

POV = palisades of Vogt; SPK = superficial punctate keratopathy.
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Table 6. Multivariable Regression Analysis

Variables Coefficient  95% Confidence Intervals P Values
Intercept -0.2573 —0.5449 1 0.0303 0.0786
Neovascularization 0.3471 0.2113-0.4549 <0.0001
Opacification 0.3203 0.1734-0.4672 <0.0001
Keratinization 0.1347 0.0281-0.2413 0.0142
Cataract 04153 0.0249-0.8057 0.0375
Loss of POV 0.2514 ~0.0784 t0 0.6412 0.1228
SPK 0.0855 —0.0296 to 0.2006 0.1423
Epithelinl defect 0.3018 —Q0.1057 t0 0.7093 0.1434

POV = palisades of Vogr; SPK = superficial punciate keratopathy.

complications that we considered important for the assess-
ment of severe or cicatricial ocular surface disorders. We
used a simple method for grading the severity of these
complications; the components were assigned scores that
reflected whether involvement was mild. moderate, or se-
vere. This grading system was judged to be easy and con-
venient at the 3 participating ophthalmology centers that
evaluated 138 eyes from 73 SJS patients. The results ob-
tained at the 3 centers were consistent and comparable. Ours
is one of few prospective studies on the ocular complica-
tions of SJS, and each patient was evaluated carefully by at
least 2 ophthalmologists. To the best of our knowledge, this
is the largest such study reported to date.

The initial ocular pathologic process in SJS, inflamma-
tion and necrosis of the conjunctiva, often is accompanied
by the destruction of goblet cells.*!3'* The production of
mucin by these cells is vital for maintaining an adequate tear
film essential for corneal clarity. Dry eye secondary to goblet
cell destruction is the most common long-term ocular compli-
cation in patients with various ocular surface diseases.*'3:'4
Cicatricial lid and conjunctival complications include sym-
blepharon formation, forniceal shortening, keratinization,
lid malposition (e.g., entropion), and misdirected eyelashes
(trichiasis).*'3-'>-22 Limbal stem cell destruction, evidenced

by loss of the POV, also may occur at disease onset and may
be accompanied by severe inflammation. The combination
of these complications may result in recurrent corneal ero-
sion, ulceration, vascularization, stromal scarring, conjunc-
tivalization of the corneal surface, and progressive corneal
melting and perforation.*!1>-22

In our study, drugs were the most commonly identified
etiologic factor; in 47 patients (64.4%), antibiotics (n = 21
patients), cold remedies (n = 18 patients), or nonsteroidal
antiinflammatory drugs (n = 10) were the causative agents.
These findings are consistent with previous reports,'3-10:19.23

Of all the complications, severe (grade 3) meibomian
gland involvement and loss of the POV (102 and 114 eyes,
respectively) were the most common ocular complications
of SJS. We found that the total score for each eye was
correlated significantly with its visual acuity; consistently,
eyes with higher overall scores had poorer vision. We
categorized the complications as those involving predomi-
nantly the cornea, the conjunctiva, and the eyelid. As ex-
pected, corneal complications were most likely to have a
detrimental effect on vision. In particular, corneal neovas-
cularization and opacification were correlated highly with
posttreatment visual acuity in the chronic stage. Conjuncti-
valization, a sequela of limbal stem cell deficiency, also was
correlated with poor vision in our series.

In our study, there was a high rate of lid complications in
chronic SJS. Of the eyelid complications, meibomian gland
involvement was moderate or severe (grade 2 or3) in 111 of
the 138 eyes (80.4%). We found that eyes without apparent
corneal complications also manifested cicatricial eyelid
changes. As such, the meibomian glands seem to be sus-
ceptible to injury after SJS. Because the meibomian glands
play a critical role in the stabilization of the tear film, this is
likely to contribute to the disruption of the tear film and
severe dry eye condition experienced in patients in the
chronic stage of SJS.

The use of a standardized method for grading the extent
and severity of ocular complications in SJS patients offers
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Figure 3. Scatterplot depicting the correlation between the total score and logarithm of the minimum angle of resolution (logMAR) visual acuity. The
overall toral score of 13 components (0-39) versus logMAR showed a significant positive correlation (Spearman R = 0.806, P<<0.0001).
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significant advantages. The grading system introduced here
can be used in the initial evaluation and the follow-up and
monitoring of ocular complications in SJS patients. As
documented here, the lid margin is a commonly affected site
in the disease process. However, because attention often
focuses on the ocular surface, changes in the lid margin may
be overlooked. Our grading system ensures that important
ocular complications are detected by corneal specialists as
well as nonspecialized ophthalmologists.

Ocular surface reconstructive procedures such as limbal and
cultivated epithelial stem cell transplantation have been used to
treat severe ocular manifestations in SIS patients.*~''%* How-

ever, because many of the reported studies are nonrandomized
case series without control arms and because there is cur-
rently no standardized method for grading ocular com-
plications in SIS patients in the acute and chronic stage,
it is difficult to compare the treatment outcomes of these
studies. Qur grading system also provides a standardized
method for evaluating patients before corneal and ocular
surface transplantation procedures. The use of an objec-
tive method of grading the severity of the patient’s pre-
operative condition ultimately may belp in prognosticat-
ing the long-term clinical outcome of these eyes after
surgery.
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This is the first study that describes a method for classi-
fying and grading the severity ol ocular involvement in SJS
patients. Our findings have important clinical implications
and facilitate the objective evaluation of patients with ocular
complications resulting from SJS. The method presented
here may be adapted for use in patients with cicatricial
ocular surface diseases arising from other causes such as
ocular cicatricial pemphigoid and chemical injury. It also
provides a common platform for the discussion and man-
agement of patients with ocular surface disorders and may
be useful for predicting treatment outcomes. Our method
also enables ophthalmologists to monitor more objectively
the progression of complications during the follow-up of
these patients.
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Hair Follicle Regeneration Using Grafted Rodent
and Human Cells

Ritsuko Ehama', Yumiko Ishimatsu-Tsuji1, Shunsuke Iriyama‘, Ritsuro Ideta', Tsutomu Soma’',
Kiichiro Yano', Chikako Kawasaki', Satoshi Suzuki?, Yu;ji Shirakata®, Koji Hashimoto® and Jiro Kishimoto'

Hair follicle regeneration involves epithelial-mesenchymal interactions (EMIs) of follicular epithelial and dermal
papilla (DP) cells. Co-grafting of those cellular components from mice allows complete hair reconstitution.
However, regeneration of human hair in a similar manner has not been reported. Here, we investigated the
possibility of cell-based hair generation from human cells. We found that DP-enriched cells (DPE) are more
critical than epidermal cells in murine hair reconstitution on a cell number basis, and that murine DPE are also
competent for hair regeneration with rat epidermal cells. Co-grafting of human keratinocytes derived from
neonatal foreskins with murine DPE produced hair follicle-like structures consisting of multiple epidermal cell
layers with a well-keratinized innermost region. Those structures expressed hair follicle-specific markers
including hair keratin, and markers expressed during developmental stages. However, the lack of regular hair
structures indicates abnormal folliculogenesis. Similar hair follicle-like structures were also generated with
cultured human keratinocytes after the first passage, or with keratinocytes derived from adult foreskins,
demonstrating that epidermal cells even at a mature stage can differentiate in response to inductive signals
from DP cells. This study emphasizes the importance of EMI in follicular generation and the differentiation

potential of epidermal keratinocytes.

Journal of Investigative Dermatology (2007) 127, 2106-2115; doi:10.1038/5).jid.5700823; published online 12 April 2007

INTRODUCTION

it is widely accepted that a highly coordinated series of
bidirectional epithelial-mesenchymal interactions (EMIs) is
essential to hair follicle morphogenesis (Stenn and Paus,
2001). Hair follicle development is initiated by the appear-
ance of a thickening in the embryonic ectoderm called a
placode in accordance with the condensation of the under-
lying mesoderm which will form the dermal papilla (DP)
(Hardy, 1992; Millar, 2002). Signals from the condensed
mesoderm are thought to induce proliferation of the placode
and it then grows downward to surround the mesenchymal
condensation, after which it forms mature hair follicles by a
systematic series of differentiation and proliferation processes
of epithelial cells (keratinocytes).

To understand how hair follicles are formed during early
development, hair reconstitution models have been estab-
lished. In mice, the reconstitution of complete pelage hair
follicles has been demonstrated by cell-based grafting, in
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which a mixture of individually prepared cell suspensions of
dermal (mesenchymal) and epidermal fractions from em-
bryonic or neonatal skin are grafted on the dorsal skin of
recipient mice within a silicon chamber (Lichti et al., 1993;
Kamimura et al., 1997). In cellular grafting procedures,
contamination of preformed follicles is eliminated from the
dermal mesenchymal fraction using an improved murine
pelage DP-enriched procedure fraction (Lichti et al., 1993),
which can be prepared from transgenic mice exhibiting
specific fluorescence in the DP (Kishimoto et al., 1999).
Zheng et al. (2005) have also attempted hair follicle
reconstitution by intradermal injection of neonatal murine
epithelial and mesenchymal cells, and found that the ratio of
epithelial and dermal cells affect the hair formation
efficiency. According to their estimation, 5,000 dermal cells
and 2,500 epidermal cells produce a single follicle. These
cell-based reconstitution systems have been further employed
for grafting putative follicular stem cells. Keratin1-15 + /a6-
integrin+ (Morris et al., 2004) or Keratin-14+/CD34 +
(Blanpain et al., 2004) cells residing at the hair follicle bulge
were isolated from adult murine skin and grafted with
neonatal dermal cells to regenerate the entire skin epithelial
including hair.

Human hair can be regenerated by grafting hair follicles
on immunodeficient mice (Jahoda et al., 1996; Hashimoto
et al, 2000). However, unlike murine cell-based hair
regeneration, no hair follicle reconstitution from human cell
preparations has been reported so far. This can be attributed
to several factors. First, although immunodeficient mice have

© 2007 The Society for Investigative Dermatology

—132—



been used as recipients, the mice may not be suitable for
xeno-grafting of human cells. It is observed that grafted
human cells were progressively replaced by murine wound
healing epidermis (Ferraris et al., 1997). Second, human DP
cells used as the mesenchymal source may have lost their
hair inductivity during culture. Third, the epidermal compo-
nent from human tissues, usually cultured keratinocytes, may
not have retained sufficient differentiation ability, i.e. there
may be insufficient numbers of follicular stem cells. Some
evidence from stem cell research of epidermal tissue has
suggested differences between humans and rodents in their
characteristics, behaviors, and differentiation potentials as
stem cells (Triel et al., 2004). However, it is not easy to clarify
how these factors contribute to hair follicle reconstitution in
humans, because the hair inductivity of the mesenchymal
source and the differentiation ability of the epidermal
component are closely related to each other. Further,
difficulty in obtaining sufficient numbers of inductive human
DP cells and undifferentiated epidermal stem cell compo-
nents makes this even harder.

In this study, we have focused on the differentiation
potential of human epidermal cells under various conditions,
utilizing murine DP cells as the fixed mesenchymal
component, and measured their capacity for hair follicle
induction. We report the formation of hair follicle-like
structures consisting of human epithelial and murine me-
senchymal cells and their characteristics for molecular
marker expression and morphology.

RESULTS

The DP-enriched fraction exhibits hair inductivity

Versican green fluorescent protein (GFP)-tagged transgenic
mice exhibited GFP fluorescence in the DP cells of their
pelage hair follicles and the DP cell fraction isolated by a
high-speed cell sorter showed hair inductivity when grafted
with a newborn epidermal fraction (Kishimoto et al., 1999).
A gross view of partially digested transgenic skin is shown in
Figure 1a and GFP-positive DP in a single follicle is shown in
Figure 1b. When the cryopreserved dermal cells without cell
sorter isolation were thawed and stained with the nonviable
cell-specific marker 7-amino-actinomycin D (7-AAD), most
GFP-positive cells were negative (0.2% 7-AAD +, GFP + vs
19.6% 7-AAD—, GFP + of all cells in the fraction; Figure Tc).
Further characterization with CD49f, a marker for epithelial
cells, showed that viable DP cells were enriched mainly due
to damage to cells other than DP (GFP +) cells: two-thirds of
CDA49f + cells were in the nonviable cell fraction (Figure 1d).
Trypan blue staining of the cells also showed GFP-positive
cells in the viable cell fraction (Figure 1e and f). We hereafter
refer to cells prepared by this protocol as DPE (DP-enriched
cells). As this enrichment procedure does not require GFP
fluorescence and sorting, it can be applied to wild-type mice.
This allowed us to perform routine grafting experiments with
large numbers of DPE without cell sorting. To confirm that
non-transgenic, wild-type DPE have a similar hair inductive
property, we carried out cellular grafting with them. The
results demonstrate (Figure 1g-) that the DPE was able to
induce hair follicles together with the epidermal component,
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Figure 1. Regeneration of murine hair follicles by cellular grafting (murine
epidermal cells/murine DPE). DP cells obtained from versican GFP-tagged
transgenic mice were enriched by cryopreservation. Cellular grafting of the
DP-enriched dermal component (DPE) prepared from wild-type mice clearly
demonstrated that hair formation needs both mesenchymal and epithelial
components. (a, b) DP cells prepared from versican GFP-tagged transgenic
mice exhibit GFP fluorescence: gross view of transgenic skin partially digested
by collagenase indicates (a) specific GFP fluorescence in the DP of each hair
follicle. Enlarged view of a showing (b) GFP fluorescence in the DP of a single
hair follicle. (¢) Most GFP-positive cells (encircled by the green line) in the
cryopreserved dermal component were negative for the nonviable
cell-specific marker 7-AAD staining, and the most 7-AAD-positive cells were
GFP-negative (encircled by the red line). (d) The cryopreserved dermal
component gated for 7-AAD, GFP and CDA49f revealed that CD49f + cells
were more damaged than GFP + cells. (e, f) One-month-cryopreserved
transgenic DPE cells stained with (e) trypan blue and (f) their corresponding
GFP fluorescence. Approximately 50% of viable celis were GFP-positive.
Arrows indicate viable and GFP-positive cells. (g-i) Neither (g) the DPE or
(h) the freshly prepared epidermal cell fraction (indicated as Epi*) alone
caused hair formation, whereas complete pelage hair developed 3 weeks after
cellular grafting with (i} a mixture of both cell fractions. (j) Hair pegs formed 1
week after grafting. (k) Three weeks after grafting, the formed follicles showed
typical murine pelage hair histology. Bar (e, f) =100 um, (j, k) =50 um.
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but only when both epithelial and mesenchymal components
were present. Either the dermal (DPE) or epidermal fraction
alone failed to form any follicles, indicating that both
fractions were prerequisites for hair formation. Histological
observations confirmed that hair pegs were formed a week
after grafting, which is a morphogenetic halimark of
folliculogenesis (Figure 1j), and that they resulted in mature
complete follicles in 3 weeks (Figure 1k). These resuits
provide evidence that hair reconstitution occurs through EMI,
but does not arise from the elongation of preformed follicles.

Dermal components are more critical than epidermal
components for follicle formation

The Lichti chamber method uses equal numbers (1 x 107
cells) of epidermal and dermal components. To examine
which component, either epithelial or mesenchymal, affects
and contributes to hair follicle formation, the ratio of each
component was varied, whereas the other component was
fixed at 1 x 107 cells. When the number of epidermal cells
was reduced to 1 x 10° cells (10% of DP cells), the efficiency
of hair follicle reconstitution was mostly unchanged. On the
other hand, the density of newly formed follicles was
diminished considerably by reducing the number of DPE
celis to 3.3 x 10° cells (33% of the epithelial cell fraction) or
lower (Figure 2). This result indicates that the quantity of the
dermal component is more critical than the epidermal
component. Therefore, in subsequent experiments, the DPE
was fixed at 1 x 107 cells.

Complete hair follicles are formed in xenografts of murine
and rat cell components

Before experiments with human cells, xenotypic cellular
grafting was examined using murine and rat components.
Both combinations of cells (rat epidermal and murine dermal
or murine epidermal and rat dermal) produced complete hair
follicles, although the latter combination appeared to be less
efficient (compare Figure S1b and c). This was possibly
caused by xenobiotic interference between rat dermal cells
and mouse cells derived from host nude mice. From this
result, murine DPE cells were chosen as the dermal source for
subsequent human epidermal cell grafts. Further, cells which
originated from mice were easily distinguishable from
those derived from rats (and human cells as well) due to
their characteristic bright multinuclear staining pattern
(Figure Sle-g).

Human/murine chimeric hair follicle-like structures are
developed in cellular grafts of foreskin keratinocytes

Primary cultures of human foreskin-derived epidermal cells
were co-grafted with murine DPE cells. Hair follicle-like
structures were formed at the graft sites 4 weeks later (Figure
3a). The average density of hair follicle-like structures in three
non-overlapping sections (corresponding to approximately
3 cm length) was 13.3+9.5 (n = 4) and approximately 80% of
them were clustered (““Neonatal, Primary’”” in Table 1).
Histologically, the innermost regions of the structures were
clearly keratinized (Figure 3b), similarly to the hair cortex
and the medulia structure of mature human follicles. Hair
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Figure 2. Effect of the dermal: epidermal component ratio on the efficiency
of hair formation in cellular grafts (murine epidermal cells/murine DPE). The
number of epidermal |E} or DPE (D} cell components was set at 1 x 107 cells,
whereas the other component was reduced to 3.3 x 10° or 1 x 10° cells. Note
that hair formation was markedly diminished by reducing the DPE to

3.3 x 10° celis (33% of the epidermal cell fraction) or lower (left panels).
However, 1 x 10° cells of the epidermal fraction (10% of the DPE cells)
sustained a similar efficiency of hair formation (right panels).

shaft-like fibers developed with these keratinized structures,
and occasionally emerged at the skin surface (Figure 3c). The
pigmented melanin deposition inside the hair follicle-like
structures (Figure 3d) resembled human rather than murine
patterns (Figure 3e), in which typical banding of medulla is
recognized. The size of the follicle-like structure was
considerably larger than murine hair follicles. These hair
follicle-like structures were often associated with, or en-
capsulated within, condensed dermal cells at the bottom of
the structure (Figure 3b and f-h), presumably equivalent to
the DP cells. The human origin of the epithelial cells in the
hair follicle-like structures was confirmed by Hoechst nuclear
staining in which human cells were distinguished from
brighter multinuclear murine celis (Figure 3g), and by DNA
in situ hybridization with a human-specific Alul-repeated
sequence probe (Figure 3h).

The chimeric hair follicle-like structures express hair follicle
markers, but lack terminal differentiation features

One of the characteristic hair follicle markers, human hair
keratin basic 1 (Hb1) mRNA, was detected in the epithelium
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