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used after fixation and permeabilization of cells using a Cytofix/
Cytoperm Kit (BD Biosciences).

Histology

At 48 hours after the challenge with hapten, the ears of B6 mice were
excised and fixed in 10% formaldehyde. Sections of 5-um thickness
were prepared and stained with hematoxylin and eosin.

FITC-induced cutaneous DC migration

The shaved abdomens of the mice were painted with 200 ul of 2%
FITC (Sigma-Aldrich) dissolved in a 1:1 (v/A) acetone/dibutyl
phthalate (Sigma-Aldrich) mixture, and the iNOS inhibitor was
applied through intraperitoneal injection (2.5mg in 0.5ml PBS)
twice daily for 4 days. Cutaneous DCs migrating into the draining
inguinal and axillary lymph nodes were then counted by means of
flow cytometry (Kabashima et al., 2007) using Flow-Count Fluoro-
spheres (Beckman Coulter, Fullerton, CA). The principle of Flow-
Count Fluorospheres is based on the precise mixing of microparticles
whose concentration and volume are known. Before flow cytometric
analysis, 10l of Flow-Count Fluorospheres were added to each
specimen. The percentages of fluorospheres and migrating DCs
within each node were then determined using the FACSCanto systern
(BD Biosciences). To find the number of migrating DCs, the ratio of
DCs to fluorospheres was counted using the following formula,
based on Reimann et al. (2000), with some maodifications: number of
migrating DCs = (percentage of migrating DCs/percentage of fluoro-
spheres) x number of fluorospheres.

Chemotaxis assay

EC suspensions were incubated for 9 hours with or without the iNOS
inhibitor, and then tested for transmigration across uncoated 5-pm
transwell filters (Corning Costar, Corning, NY) to CCL21 or medium
in the lower chamber for 3 hours. Migrating cells were enumerated
by means of flow cytometry (Ngo et al., 1998). The medium used in
this assay was RPMI-1640 with 0.5% fatty acid-free bovine serum
albumin (Calbiochem, San Diego, CA).

Apoptosis analysis

The EC suspensions from B6 mice were stained with PE-Cy5-
conjugated anti-MHC class Il mAb for 20minutes on ice, then
stained with FITC-conjugated Annexin V and propidium iodide (BD
Pharmingen, Franklin Lakes, NJ), according to the manufacturer’s
protocol. The number of LCs was assessed by means of flow
cytometry with anti-MHC class I} and APC-conjugated anti-CD11¢
mAbs. Apoptosis in LCs was analyzed using a FACSCanto system
with Flow)o software.

Statistical analysis
Data were analyzed using an unpaired two-tailed ttest. P<0.05 was
considered to be significant.
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Vasoactive peptide endothelins are a group of small peptides with diverse paracrinefautocrine actions
and are reported to be involved in the pathogenesis of many human malignancies. Basal cell carcinoma
(BCC) is a common malignant skin tumor that frequently has aberrant activation of the Hedgehog (HH)
signaling pathway. We show here that endothelin-2 (ET-2) is overexpressed in BCC under the control of

Keywords: HH signaling. By real-time quantitative RT-PCR analysis, significant expression of ET-2 mRNA was
ga;"'t;‘ﬂ; Cazrc”‘oma observed in 19 of 20 cases (95%) compared to normal skin. In addition, inhibition of the HH signaling
ndaostheliin-.

pathway in a mouse BCC cell line downregulated endogenous ET-2, and activation of HH signaling in
mouse embryonic fibroblast upregulated endogenous ET-2. Moreover, the 3’ promoter region of ET-2
gene contains the GLI-binding site and a 0.8 kb downstream fragment containing GLI-binding sites acti-
vates transcription in a reporter assay. These data indicate that ET-2 is a direct target gene of HH signaling

Hedgehog signaling

in BCC.

© 2009 Elsevier Inc. All rights reserved.

Introduction

Basal cell carcinoma (BCC) is a common malignant tumor aris-
ing in the skin. Recent studies have shown that BCC frequently
has abnormalities of the Hedgehog (HH) signaling pathway. HH
signaling plays a key role in vertebrate development as it is in-
volved in multiple biological processes, such as cell differentiation,
proliferation, and growth [1]. Also, several genes overexpressed in
BCC have been reported and downstream signaling pathways of
HH signaling are currently being investigated [2-7}. In one of those
investigations, we performed DNA microarray analysis using BCC
and identified that G-protein-coupled receptor GPR49 (GPR49) is
specifically overexpressed in BCC and plays a significant role in cell
proliferation [2]. However, the function of the genes reported to be
overexpressed is still not sufficient to explain the characteristic
features of BCC, including interstitial invasion and angiogenesis;
therefore, further understanding of the molecules expressed in
BCC and their relation in HH signaling is required.

To identify other candidate genes that play a pathogenic role in
BCC, we reexamined our results of DNA microarray analysis and fo-
cused on the vasoactive peptide coding gene endothelin-2. The
endothelin (ET) family is a group of 21 amino acid peptides with
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Keio University, 35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, Japan, Fax: +81 3
3353 32490,
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doi:10.1016/j.bbrc.2005.11.085

diverse paracrine/autocrine actions [8)]. The ET family is composed
of three vasoactive peptides, ET-1, ET-2 and ET-3. ET-1 and ET-2
have similar structures, differing by only two amino acids, whereas
ET-3 differs in structure in six amino acids [9]. ETs are processed
from inactive precursor pro-polypeptides by a subgroup of mem-
brane-bound zinc metalloproteases, the ET-converting enzymes.
The three ET isoforms bind to two cell surface receptors, which
are seven-transmembrane domain G-protein-coupled receptors:
ET receptor subtype A (ETaR), and subtype B (ETgR) [10]. ET-1
has the highest affinity for ETAR, followed by ET-2 and ET-3, with
all ETs exhibiting equal affinity for ETgR [11]. The major role of
ETs is controlling vascular tone by acting on vascular smooth mus-
cle cells {12], but recent reports suggest that they are also involved
in the pathohistology of various human malignancies [8,9]. Here
we report that ET-2 is markedly upregulated in almost all cases
of BCC under the control of the HH signaling pathway and show
evidence that ET-2 is a direct target of HH signaling.

Materials and methods

Samples. Tumor samples were collected from patients at Keio
University Hospital and other affiliated hospitals. Tumor and nor-
mal skin were snap-frozen after surgical removal and stored at
—80 °C until use. The experiment was approved by the ethics com-
mittee of Keio University School of Medicine and all samples were
taken after written informed consent was obtained from the
patients.
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Quantitative real-time polymerase chain reaction (QRT-PCR). Total
RNA was isolated from tissues and cell lines with an RNeasy Mini
Kit, including DNAase treatment (Qiagen KK, Tokyo, Japan). cDNA
was synthesized with a Prime Script RT reagent kit (Takara, Kyoto,
Japan), QRT-PCR analysis was carried out on TaKaRa PCR Thermal
Cycler Dice (Takara) using SYBR Premix Ex Taq (Perfect Real Time)
(Takara). Primer sequences for QRT-PCR studies are as follows:
human GAPDH primers forward 5'-CCAGCCGAGCCACATCGCTC-3/,
reversed 5-ATGAGCCCCAGCCTTCTCCAT-3'; human ET2 primers
forward 5-TTGGACATCATCTGGGTGAA-3, reverse 5- GAAATGT
CCCTCAGCCTTTG-3; human GLI1 primers forwards 5'-GAAGACCT
CTCCAGCTTGGA-3, reversed 5'-GGCTGACAGTATAGGCAGAG-3;
human GLI2Z primers forwards 5-TGGCCGCTTCAGATGACA-
GATGTTG-3', reversed 5~CGTTAGCCGAATGTCAGCCGTGAAG-3;
mouse Gapdhprimers forwards 5-TGCACCACCAACTGCITAG-3',
reversed 5'-GGATGCAGGGATGATGTTT-3’; mouse Et2 primers for-
wards 5'-TTCTGCCATCGAAGACACTG-3, reversed 5'- TCCTGCAGCT-
CATGGTGTTA-3’; and mouse Gli1 primers forwards 5'-CATTCCACA
GGACAGCTCAA-3, reversed 5-TGGCAGGGCTCTGACTAACT-3'.

Cell culture. The mouse BCC cell line ASZ001 was kindly pro-
vided by Dr. Ervin Epstein (Department of Dermatology, University
of California, San Francisco, CA) and Dr, Matthew P. Scott (Depart-
ment of Developmental Biology, Howard Hughes Medical Institute,
Stanford University School of Medicine), and was maintained as re-
ported previously [4]. C3H10T1/2 cells, COS-7 cells, were main-
tained as described elsewhere [13].

Reagents. Cyclopamine (Biomol Int., Philadelphia, PA) was dis-
solved in 0.19% ethanol and added to ASZ001 culture at a concen-
tration of 2, 5 or 10 pM. As a control, the same amount of 0.19%
ethanol was added. Recombinant Mouse Sonic Hedgehog N Termi-
nus (ShhN). (R&D Systems, Oxford, UK) was dissolved in PBS and
added to C3H10T1/2 culture at a concentration of 0.5, 1.0, or
2 uM. As a control, the same amount of PBS was added.

Plasmids, transfection and luciferase assay. ET-2 gene reporter
plasmids were constructed by PCR using human genomic DNA.
Primers used for PCR are listed below. DNA fragments were treated
with restriction enzyme Sal I and BamH I, and inserted into PGL-3
promoter vector (Promega, San Luis Obispo, CA).

Table 1
Expression level of ET-2, GLI1 in BCC.

Case Pattern Lesion ET-2" GLn"”
1 Nodular Face 995 43,73
2 Nodular Face 32.36 24,21
3 Nodular Face 11.88 13.27
4 Nodular Face 36.53 102,92
5 Nodular Face 57.08 81.08
6 Superficial Trunk 3.56 4,00
7 Nodular Face 71.75 82.72
8 Nodular Face 3193 59.42
9 Superficial Face 50.23 84.68

10 Superficial Trunk 1.59 133

11 Nodular Face 538 7.06

12 Superficial Trunk 3.99 1041

13 Superficial Trunk 30.94 29.80

14 Superficial Trunk 9.05 19.86

15 Nodular Face 18.57 66.31

16 Nodular Face 38.46 63.46

17 Nodular Face 26.97 70.66

18 Nodular Face 21,74 3222

18 Nodular Face 19.37 33.26

20 Superficial Trunk 10.10 17.52

* Each gene expression value represents the ratio of mRNA in the tumor to that in
normal skin mRNA.

™" Pearson correlation coefficient (two-tailed) was calculated pairwise using Stat-
cel2 software for all combinations (p < 0.01). A high correlation was seen between
the expression levels of ET-2 and GLI7 at r = 0.807.

Primer sequences constructed for the reporter of ET-2 promoter
regions were as follows: ET2 promoter primers forward 5'-GGAT
CCTCTGGTTTTTTGTCTTGGCCA-3", reverse #1 5-GTCGACTCATA
CTGCAGTGGTGACTCAT-3', reverse #2 5'-GTCGACTCTTCCTATGAC
CACCCAC-3', reverse #3 5-GTCGACCCTGGCCTCTTTTGAGTCTT-3",

As a reference reporter, we used phRL-TK (Promega). Mouse
Glil expression vector, reporter constructs of HH signaling,
8 x 3'GBS-luc reporter, and 8 x 3’mut GBS-luc reporter were a gift
from Dr. Hiroshi Sasaki (Riken, Kobe, Japan) {5]. Transfection was
performed against COS-7, C3H10T1/2, and ASZ001 using Fugene6
(Roche Diagnostics) according to the manufacturer's protocol.
Luciferase assay was performed using the Dual-Luciferase Reporter
Assay System (Promega) according to the manufacturer’s protocol.

Statistical analysis. Statistical analysis was performed using Stat-
cel2 software (OMS, Saitama, Japan). Statistically significant differ-
ences were determined by Student's t-test.

Results
Overexpression of ET-2 in BCC

As previously reported, DNA microarray analysis in our samples
also showed ET-2 expression to be about 8.1-fold higher than
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Fig. 1. Overexpression of ET-2 in BCC. (A) QRT-PCR of ET-2. The mRNA levels of ET-2
in 20 BCC and 6 normal skin in the vicinity of BCC, and 2 normal skin samples from
non-cancerous patients (NL) are estimated by QRT-PCR (closed column: mRNA level
in tumors; open column: mRNA level in normal skin). In normal skin, the expression
of ET-2 is negligible compared to BCC. (B) The mean value and SD of each group in
QRT-PCR of ET-2. About 24-fold higher levels of ET-2 are shown in BCC in
comparison with normal skin.
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normal skin {2]. As we could not find or create a specific antibody
against ET-2 protein, mainly due to the high similarity with ET-1,
we confirmed the expression of ET-2 by QRT-PCR. Using 20 BCC
cases, we analyzed the expression of ET-2 together with GLI1,
which were reported to be overexpressed in BCC [3] and to be tran-
scription factors involved in HH signaling (Table 1). Of these 20
cases, 19 showed ET-2 expression levels more than three times
higher than the control (Fig. 1A) (mean increase about 24-fold)
(Fig. 1B). On the other hand, the expression by QRT-PCR was low
in normal skin samples (Fig. 1A and B).

High relation between ET-2 and HH signaling

Using 20 cases of BCC, the expression of ET-2 and GLIT was con-
firmed by QRT-PCR, as shown in Table 1. We therefore analyzed the
correlation between the expression level of ET-2 and GLI7 to eval-
uate the relation between HH signaling and ET-2. Statistical analy-
sis using Pearson’s coefficient was calculated for all combinations.
A high correlation was seen between the expression levels of ET-2
and GLI1 at r = 0.807. HH signaling is activated in BCC, and we spec-
ulate here that the expression of ET-2 is highly related to HH
signaling.

To further evaluate the relation between HH signaling and ET-2,
we performed an in vitro assay using cell lines. Suppression of HH
signaling was confirmed by the reporter constructs of HH signal-
ing, 8 x 3'GBS-luc/8 x mut3'GBS-luc [2]. We treated ASZ001 with
cyclopamine, a known inhibitor of HH signaling. Downregulation
of mouse ET-2 expression was observed together with downregu-
lation of mouse Glil, a target of HH signaling [3], and this downreg-
ulation was dependant on the time after treatment and the
concentration of cyclopamine (Fig. 2A and B). Next, to see whether
ET-2 expression is upregulated by HH signaling, we treated mouse
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embryonic fibroblast C3H10T1/2 cells, which are known to re-
spond to HH signaling, with ShhN. The expression of mouse ET-2
was increased together with the expression of mouse Gli1 depen-
dant on the time after treatment and the concentration of ShhN
(Fig. 3A and B). Upregulation of mouse ET-2 was also confirmed
when we transfected mouse Glil expression vector [13] to
C3H10T1/2 (Fig. 3C). Activation of HH signaling by mouse Glil
transfection was confirmed by the reporter constructs of HH sig-
naling, 8 x 3'GBS-luc/8 x mut3'GBS-luc (Fig. 3D). These findings
indicate that ET-2 is regulated by HH signaling.

Expression of ET-2 is directly regulated by HH signaling

In order to see the direct transcriptional activation of ET-2 by
HH signaling, we analyzed a region approximately 1kb down-
stream of the ET-2 for motifs identical to or closely matching the
GLI-consensus binding site ~-TGGGTGGTC- [14]. As expected, we
found an identical sequence 797-803 b downstream of the ET-2.
Thereafter, we constructed three reporter constructs of the ET-2
3’ promoter region, as shown in Fig. 4A. They were transfected to
ASZ001, which has endogenous activation of HH signaling. While
the reporter plasmid inserted with the ET-2 downstream fragment
from 0 to +543 (reporter plasmid #1) showed less reporter activity,
significant reporter activity was observed when the reporter plas-
mid inserted with the downstream fragment from 0 to +815 (re-
porter plasmid #2) and O to 887 (reporter plasmid #3) was
transfected to ASZ001 (Fig. 4B).

Next, they were transfected to COS-7 along with a mouse Gli-1
expression vector or an empty vector. The expression of mouse Gli-
1 was confirmed by the reporter constructs of HH signaling,
8 x 3'GBS-luc/8 x mut3'GBS-luc [5] (Fig. 4C). Among them, repor-
ter plasmid #2 and reporter plasmid #3 had significant reporter
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Fig. 2. Suppression of HH signaling decreases ET-2 expression in the mouse BCC cell line ASZ001. (A) Time course of mRNA expression of endogenous mouse ET-2 {m ET-2}
and mGlil in ASZOO1 cells treated with cyclopamine, Cells were treated with 10 uM cyclopamine, and expression of m ET-2 (left) and mGli1 (right) mRNA was measured by
QRT-PCR at the times shown in the figure. The fold decrease of mRNA levels in cyclopamine-treated to non-treated cells at each sampling time was normalized by setting the
baseline value at 1. The figure shows one of the three repeated experiments. Suppression of m ET-2 and mGli1 expression was dependent on the time course. (B) Dose
dependency of mRNA expression of m ET-2 and mGli1 on the concentration of cyclopamine. ASZ001 cells were treated with 0, 2, and 10 uM cyclopamine, and expression of m
ET-2 (left) and mGli1(right) was measured by QRT-PCR 48 h after treatment. Values are shown as a ratio relative to cyclopamine 0 uM. Suppression of mRNA levels of mET-2

and mGli1 was dependent on the concentration of cyclopamine.
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Fig. 3. Activation of HH signaling induces ET-2 expression. (A) Quantitative RT-PCR analysis of endogenous m ET-2 and mGlil was performed in C3H10T1/2 cells after
treatment with ShhN. Cells were treated with 2 pg/mi ShhN for the time indicated in the figure. Upregulation of m ET-2 expression (left) was dependent on the time course, as
with mGli1 (right). (B) Dose dependency of mRNA expression of m ET-2 and mGli1 on the concentration of ShhN, C3H10T1/2 cells were treated with 0, 0.5, 1.0 and 2 ug/ml of
recombinant N-terminal SHH peptide, and the expression of mET-2 (left) and mGli1 (right) was measured by QRT-PCR 48 h after treatment. Values are shown as a ratio
relative to ShhiN O pg/ml. Expression of mRNA levels of mET-2 and mGli1 was dependent on the concentration of cyclopamine. (C) QRT-PCR analysis of mET-2. Mouse Gli1
expression vector was transfected to C3H10T1/2 cells. mRNA levels of mET-2 were assayed at the time indicated in the figure. The ratios of mRNA level of mGlil-transfected
to vector-transfected cells were estimated. When Glil is expressed in C3H10T1/2 cells, the gene expression level of mET-2 was elevated. (D) Activation of HH signaling by
mGli1-expression vector in C3H10T1/2 cells. Cells were transfected with an mGlil-expression vector, 8 x 3'GBS-luc or 8 x 3'mutGBS-fuc, and with phRL-TK as a reference.
Luciferase activity was assayed 48 h after transfection. Activity was normalized with those of phRL-TK as a reference. Expression of Glil1 significantly activated the Gli-

consensus reporter gene, while a mutant promoter was not affected.

activity when cotransfected with mouse Gli-1 expression vector.
On the other hand, reporter activity of the plasmid inserted with
fragments from 0 to +543 (reporter plasmid #1) was negligible
(Fig. 4D).

Discussion

Our studies showed that ET-2 is overexpressed in BCC. DNA
microarray analysis in our samples showed ET-2 expression to be
about 8.1-fold higher than normal skin. In QRT-PCR study, ET-2
was markedly overexpressed in 19 of 20 BCC samples of nodular
and superficial types in comparison with normal tissue samples.
These results suggest that the expression of ET-2 is a characteristic
feature in BCC. Expression of ET-2 has not been fully analyzed in
the past literature and this is the first report that shows the specific
expression of ET-2 in BCC.

Furthermore, our results demonstrated that in BCC, the expres-
sion of ET-2 is regulated by the activity of the HH signaling path-
way. Our results showed that inhibition of the HH signaling
pathway in a mouse BCC cell line downregulated endogenous ET-
2, and activation of HH signaling in mouse C3H10T1/2 cells upreg-
ulated endogenous ET-2. The presence of a single copy of the GLI-
binding site in the putative 3’ promoter region of ET-2, together
with the activation of reporter gene expression by this region in
the presence of mGlil, points to direct regulation of ET-2 by mGli1.
These findings strongly suggest that the expression of ET-2 is reg-
ulated by HH signaling directly.

ETs are expressed in a broad range of tumors, and are suggested
to play a crucial role in tumor growth, progression, and angiogen-
esis [15]. Among them, most reports focus on the role of ET-1,
which is also reported to be expressed in BCC, and blockade of
the ET-1/ETR, pathway can reduce cell survival in vitro [16]. ET-1
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to +543 (reporter plasmid #1) was negligible. {C) Reporter activity of HH reporter construct in COS-7. 8 x 3‘GBS-luc reporter showed significant reporter activity under the
co-transfection of mGli-1 expression vector whereas reporter activity of 8 x 3'mutGBS-luc reporter was negligible. (D) Reporter activity of ET-2 3’ promoter region and HH
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#1) was negligible.

has also been implicated to participate in the pigmentation process
of BCC [17]. We also performed QRT-PCR analysis of ET-1 in our
BCC samples and confirmed its overexpression (data not shown);
however, we could not find a significant relation between ET-1
expression and HH signaling activity. Mouse endogenous ET-1
expression did not change by either inhibiting the HH signaling
pathway in ASZ001 cells or activating HH signaling in C3H10T1/2
cells {data not shown). Moreover, we could not find a consensus
GLI-binding site in the promoter lesion of human and mouse ET-
1; therefore, we speculate that ET-2 rather than ET-1 will play a
significant role as a downstream mediator of HH signaling in BCC.

The role of ET-2 in carcinogenesis is still not fully understood. In
breast carcinoma, ET-2 is reported to be a hypoxia-induced auto-
crine survival factor and in invasive ductal carcinoma of the breast,
the anti-apoptotic function of ET-2 is reported [18]. With the aim
of analyzing the function of ET-2 in BCC, we treated a mouse BCC
cell line with BQ-123 (Sigma-~Aldrich, St. Louis, MO); a selective
ET-RA antagonist, BQ-788 (Sigma-Aldrich); and a selective ET-RB
antagonist and ET-2 recombinant protein (Sigma-Aldrich) {19].
However, we could not identify the direct oncogenic role of ET-2
in ASZ001 cells. There was no difference in cell proliferation, cell
invasion and cell morbidity between non-treated cells and BQ-
123-, BQ-788-, and ET-2-treated cells (data not shown). Therefore,
ET-2 may function as a factor affecting the tissues surrounding BCC
cells. As one of its putative functions, ET-2 will promote the angi-
ogenesis of BCC. It is known that ETs are angiogenic factors that

stimulate the growth of endothelial cells, vascular smooth muscle
cells, fibroblast and pericytes in various cancers [20]. BCC also fre-
quently shows a characteristic aberrant angiogenic feature called
“arborizing vessels” in dermoscopic findings, which is histopatho-
logically characterized by the proliferation and dilation of dermal
capillaries [21]. We speculate that aberrant expression of ET-2
may play some role in this characteristic vascular formation.

Conclusion

We have characterized ET-2 as a novel target gene of the HH
signaling pathway in BCC, Functional analysis of ET-2, especially
in its role of turnor and interstitial interaction will shed new light
on the pathogenesis of BCC.
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Immunoexpression of human
epidermal growth factor
receptor-2 in apocrine
carcinoma arising in naevus
sebaceous, case report

Editor
Naevus sebaceous is a hamartoma that combines epidermal, follic-
ular, sebaceous and apocrine gland abnormalities commonly
located on the scalp.1 During adulthood, it has a 10-20% risk of
developing into epithelial neoplasms.” Among them, most
tumours are benign, including syringocystadenoma papilliferum,
trichoblastoma, trichilemmoma and sebaceoma.’ However, several
malignant tumours have arisen in this lesion. The most frequently
described carcinoma is basal cell carcinoma, but recent studies
have confirmed that the vast majority of basaloid neoplasms aris-
ing in naevus sebaceous are trichoblastomas and not basal cell car-
cinoma as once thought” Several types of malignant adnexal
neoplasms, including cutaneous apocrine carcinoma (CAC), are
also described to occur, but the number of case is limited,>*®

In this study, we report a 70-year-old Japanese man presented
at our clinic with the chief complaint of an enlarging tumour on
the scalp. He had a pre-existing hairless plaque since childhood.

Two months prior to presentation, a tumour had suddenly
aroused on the plaque. Clinical examination of the lesion revealed
a reddish dome-shaped nodule, 2 cm in diameter, on a yellowish
plaque measuring 3 x 2 cm (fig. la). Histological examination of
the tumour revealed a moderately differentiated adenocarcinoma
infiltrating almost all the thickness of the dermis (fig. 1b). Sur-
rounding skin revealed a typical aspect of naevus sebaceous with
epidermal hyperplasia and hyperplastic sebaceous glands. Tumour
nests were composed of large glandular lumina and some of them
were cystically dilated and contained eosinophilic material resem-
bling apocrine gland lumina (fig. 1c). Lining neoplastic cells of
glandular lumina showed decapitation secretion (fig. 1d). The
tumour cell had a large nucleus and some mitotic figures were
observed. Intracytoplasmic granules were periodic-acid-Schiff
(PAS) positive and diastase resistant. Immunohistochemically,
these cells showed a positive staining with epithelial membrane
antigen (fig. 2a) and gross cystic disease fluid protein-15 (GCDFP-
15) (fig. 2b).

On further analysis of the specimen, significant staining of
p53 and human epidermal growth factor receptor-2 (HER-2)
was observed in the tumour cell (fig. 2¢, d). Oestrogen receptor,
progesteron receptor and androgen receptor were negative. No

other internal malignancy was detected by radiological analysis
and we diagnosed this tumour as a CAC arising from naevus
sebaceous.

Figure 1 (a) Clinical examination of the lesion revealed reddish dome-shaped nodule, 2 cm in diameter, on a yellowish plaque
measuring 3 x 2 cm. Tumour surface was eroded and bled easily. (b) Histological finding. (H.E. macro). Tumour is a moderately
differentiated adenocarcinoma infiltrating almost all the thickness of the dermis. (¢) Histological finding. (H.E. 100x). Tumour nests
were composed of large glandular lumina and some of them were cystically dilated and contained eosinophilic material resembling
apocrine gland lumina. (d) Histological finding. (H.E. 200x). Lining neoplastic cells of glandutar iurmina showed decapitation secretion.
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Figure 2 Immunchistochemistry. (a) Expression of epithelial membrane antigen in tumour nest (40x). {b) Expression of gross cystic
disease fluid protein-15 in tumour nest (40x). (c) Membranous staining pattern of HER-2 in tumour cells (100x)."(d) Nuclear staining

pattern of p53 in tumour cells (100x).

Cutaneous apocrine carcinoma is a rare malignancy histologi-
cally defined as an adenocarcinoma forming nests of glandular
lumina with decapitation secretion of lining neoplastic cells,
Tumour cells are PAS-positive, diastase-resistant and positive on
immunostaining for GCDFP-15.7 It develops in areas where apo-
crine glands are numerous, such as the axilla and the anogenital
region. The aetiology of CAC is unknown, but association with
naevus sebaceous has been suggested and eight cases are
reported.>® As naevus sebaceous develops anomalous dilated apo-
crine glands in the adulthood, we speculate that some oncogenic
events might occur in those hamartomatous apocrine glands, giv-
ing rise to CAC. However, molecular event occwrring in this
tumour is not precisely understood.

Our case showed the immunoexpression of HER-2 and p53 in
the tumour cells, HER-2 is a cell membrane surface-bound recep-
tor tyrosine kinase, normally involved in the activation of specific
signal transduction pathways including ras/MAP kinase cascade
and phosphatidylinositol 3-kinase, leading to cell proliferation and
differentiation.® Immunoexpression of p53 is known to correlate
closely with point mutation of the tumour suppressor gene ps3.”
To our knowledge, there is no report referring to the expression of
HER-2 in CAC, whereas it is frequently analysed in breast cancer

or extramammary Paget’s disease ™'° that shows pathological fea-
tures similar to that of CAC. We speculate that overexpression of

HER-2 and dysfunctional mutation of p53 might play a crucial

JEADV 2010, 24, 356-369

role in the development of CAC in our case. Further accumulation
of cases and analysis of HER-2 expression in apocrine carcinoma
are desired to identify the pathogenesis of this rare tumour.
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Familiar occurrence of multiple
primary epidermoid cysts and
trichostasis spinulosa: a novel
skin phenotype associated with
inherited sensorineural
deafness

Editor

A 22-year-old woman presented with a 10-year history of multiple,
painful, inflammatory skin lesions, eruptive trichostasis spinulosa
(TS) and deafness since early childhood. Loss of hearing started at
the age of 6. Skin lesions first occurred after menarche (11.5 years
old) and aggravated during the last 5 years. There was a history of
inflamed skin lesions and deafness on the paternal side in three
consecutive generations: her grandfather, father and four father’s
cousins.

Clinical examination revealed numerous skin-coloured cysts
and inflamed noduli over her neck, back, flexor side of extremi-
ties and buttocks, groin and armpits (Fig. 1). Moreover, multi-
ple, dark, spiny follicular papules were distributed over neck,
abdomen and buttocks. Follicular ostia were filled up with dark
material while hair was prominating from centre. Otorhinolaryn-
gological-audiological examination showed severe bilateral hear-
ing impairment in the high frequencies. Other family members
had also moderate to severe hearing impairments since early
childhood.

The biopsy of the cyst was performed. Histopathological exami-
nation revealed an epidermoid cyst (EC) filled up with keratin
(Fig. 2). The diagnosis of TS was made by microscopic examina-
tion of hair plug obtained with comedo extractor.

Many different treatment modalities have been tried without
benefit, including prolonged courses of different antibiotics, hor-
monal and isotretinoin therapy with only slight and temporary
improvement. At the time she presented to our department, she
was given peroral therapy with prednisone to avoid further

JEADV 2010 24, 356-369

Figure 1 Multiple inflamed and uninflamed noduli and spiny
follicular papules over flexor side of extremities and buttocks.

Figure 2 Histopathological finding in skin biopsy revealed
an epidermal cyst filled up with keratin; H&E stain, x20
magnification.

inflammation. After that, multiple excisions of the cysts were per-
formed for their location and size.

In healthy person, EC are remarkably common, but are usually
single or few. Patients with certain hereditary syndromes and
patients taking cyclosporine may have multiple primary lesions."?
Regarding TS, because of their characteristic appearance on the
face, particularly the nose, some authors consider them to be a
variant of the comedonal acne.” However, in our patient TS was
localized on the neck, chest wall and buttocks in close proximity
to EC, with dissemination on abdominal wall,

According to our opinion, this coexistence of two types of
lesions on the same skin areas in our patient is likely to reflect the

© 2009 The Authors
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Extraocular sebaceous carcinoma expressing
oestrogen receptor o and human epidermal growth
factor receptor 2

doi: 10.1111/§.1365-2230.2009.03654.x

Sebaceous carcinoma (SC) is a rare malignanl neoplasm
originating in the holocrine adnexal epithelium ol seba-
ceous glands. IL can be grossly divided into ocular and
extraocular types.

We report a 71-year-old Japanese woman who presented
with a 2-year history of an enlarging mass on her right
cheek.

On physical examination, a painless. reddish-yellow,
dome-shaped mass, measuring 20 mm in diameler was
seen on the cheek (Fig. 1a). An excisional biopsy was
taken. and an asymmetrical, relatively circumscribed
tumour was seen on histopathological examination, con-
sisting of basaloid cells with nuclear atypia and vacuolated
cells with sebaceous differentiation (Figs 1b.c). In the

(b)

surrounding stroma, prominenl solar elaslosis was seen.
The vacuolated cytoplasm was positive for androgen
receptor, epithelial membrane antigen and human milk
fat globules-1 (Figs 2a,b). The nucleus of the tumour cells
was positive for p53 and the labelling index o[ Ki67 was 15.

The tumour was diagnosed as a moderately dilferenti-
ated extraocular sebaceous carcinoma. Immunohistochem-
ical staining using anti-oestrogen receptor o« (ERa)
antibody (Dako, Glostrup, Denmark) and antihuman epi-
dermal growth factor receptor 2 (HER2) antibody (Novo-
castra, Berlin, Germany) gave strong reactions in most of
the tumour cells (Figs 2¢,d).

The pathogenesis of SC is still not fully understood.
X-ray irradiation and human papillomavirus infection
have been reported as tumorigenic factors in ocular sc.t
However. neither of these applied to our patient (data
not shown). In extraocular SC, life-long exposure to
ultraviolet radiation (UVR) has been suggested as a
tumorigenic factor.” The presence ol prominent solar

Figure 1 (a) Painless, reddish-yellow, dome-shaped mass of 20 mm in diameter on the right cheek. (b} Asymmetrical, relatively circum-
scribed tumour consisting of lobules of varying sizes, involving the dermis and subcutaneous tissue. (¢) Two types of neoplasm cells:
basaloid cells with nuclei atypia and mitotic figures and foamy, vacuolated cytoplasm with sebaceous differentiation. Haematoxylin and

eosin, original magnification (a) x 10: (b} x 200.

© 2009 The Author(s)
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Figure 2 Immunohistochemical staining with (a) epithelial membrane antigen (b) human milk fat globules-1 and (c) oestrogen receptor «
and (d) antihuman epidermal growth factor receptor 2. (a. b) Strong expression was seen in vacuolated cytoplasm. (c) Most of the
tumour cells stained strongly, and there was also nuclear translocation of ERa. (d) Strong staining of HER2 was seen in the tumour cells,
with a membranous staining pattern. The scoring of HER2 immunostaining was 2+. Original magnification (a-d) x 100.

elastosis in our case may suggest UVR as a pathogenic
factor.

ERa and HER2 are often expressed in breast cancer
and recognized as signilicant pathogenic [actors or
targets of treatment. ERu is a member of the nuclear
hormone receptor family and considered Lo cause tumor-
igenesis by disrupting the cell cycle. apoptosis and DNA
repair. HER2 is a cell membrane surface-bound receplor
tyrosine kinase. involved in the activation of specific
signal-transduction pathways.®> Whether SC expresses
HER2 is controversial, mainly due to the differences in
the antibodies and detection methods used in previous
studies. One report could not detect the expression of
HER2 in seven of eight cases of SC.* but another report
suggested that expression of HER2 is a marker ol poor
prognosis in SC.3 The strong membranous staining in

our patient’s biopsy supports the role of HER2 expression.
The pathogenic role of ERe in SC is still not [fully
understood. Its expression has been suggested in four
cases of ocular SC.* and il is reported Lo be expressed in
about 20% of basal cells of sebaceous lobules and 33.3%
of benign sebaceous gland neoplasms.’ However, to our
knowledge, no studies have reported expression of ERa in
exiraocular SC. Because the staining pattern of ERu in
our case indicated considerable nuclear translocation, we
speculate that some extraocular SCs may also express
ERx. and that the receptor may play an important role
in cell prolileration.

In conclusion, the expression of these molecules in SC is
likely to be important in ils pathogenesis. With the
accumulation of more cases, perhaps the pathogenesis
and treatments can be determined.

© 2009 The Author(s)
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This open-label clinical study enrolled 10 adults with attenuated Mucopolysaccharidosis Il and advanced
disease under the direction of the Japan Society for Research on Mucopolysaccharidosis Disorders prior to
regulatory approval of idursulfase in Japan. Ten male patients, ages 21-53 years, received weekly intra-
venous infusions of 0.5 mg/kg idursulfase for 12 months. Significant reductions in lysosomal storage and
several clinical improvements were observed during the study (mean changes below). Urinary glycos-
aminoglycan excretion decreased rapidly within the first three months of treatment and normalized in
all patients by study completion (-79.9%). Liver and spleen volumes also showed rapid reductions that
were maintained in all patients through study completion (-33.2% and —31.0%, respectively). Improve-
ments were noted in the 6-Minute Walk Test (54.5 m), percent predicted forced vital capacity (3.8 per-
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E::?;,i:Lt:;;llacement therapy centage points), left ventricular mass index (-12.4%) and several joint range of motions (8.1-19.0
Idursulfase degrees). Ejection fraction and cardiac valve disease were stable. The sleep study oxygen desaturation
Elaprase index increased by 3.9 events/h, but was stable in 89% (8/9) of patients. Idursulfase was generally
well-tolerated. Infusion-related reactions occurred in 50% of patients and were mostly mild with tran-

sient skin reactions that did not require medical intervention. Two infusion-related reactions were

assessed as serious (urticaria and vasovagal syncope). One patient died of causes unrelated to idursulfase.

Anti-idursulfase antibodies developed in 60% (6/10) of patients. In summary, idursulfase treatment

appears to be safe and effective in adult Japanese patients with attenuated MPS Il These results are com-

parable to those of prior studies that enrolled predominantly pediatric, Caucasian, and less ill patients. No

new safety risks were identified. '

© 2009 Elsevier Inc. All rights reserved.

Introduction passes a wide phenotypic spectrum that includes severe and atten-

uated forms. The severe form has onset of symptoms by 2-4 years

Mucopolysaccharidosis type I (MPS 11, Hunter syndrome, OMIM old, progression of somatic symptoms and severe cognitive impair-

#309900) is an X-linked recessive, lysosomal storage disorder
caused by a deficiency of iduronate-2-sulfatase (IDS, EC3.1.6.13).
This lysosomal enzyme catalyzes the first step in the degradation
of the glycosaminoglycans (GAG), dermatan sulfate and heparan
sulfate [ 1]. Iduronate-2-sulfatase deficiency leads to the accumula-
tion of GAG within the lysosomes of virtually every cell in the body
and is excreted in excessive amounts in the urine. MPS l encom-
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ment during childhood, and death by 10-15 years of age. The
attenuated form has a later onset in childhood, slower and milder
progression of somatic disease, little to no cognitive impairment,
and survival into adulthood. (Fig. 1) Common clinical features in-
clude coarse faces, upper airway obstruction, cardiac valve regurgi-
tation, restrictive lung disease, hepatosplenomegaly, hernias, joint
contractures, poor endurance, and reduced quality of life [2,3]. IDS
gene mutations are heterogeneous, but some show genotype-phe-
notype correlations: deletions and gross rearrangements of the IDS
gene are associated with the severe form, whereas missense
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Fig. 1. A 23-year-old Japanese male study patient with MPS 11. (A) Before treatment.
(B) After 12 months of idursulfase treatment. Note the coarse facial features
characteristic of MPS II. At baseline, the patient had severely limited shoulder range
of motion {flexion and abduction), which improved following treatment.

mutations are more often associated with attenuated disease [4-10}.
No racial or geographic differences have been observed. Females
are only rarely affected, most often through skewed X-inactivation
[1]. MPS 1i is the most prevalent MPS disorder in Asia, accounting
for >50% of all MPS patients in Japan [10]. The annual incidence
of all MPS disorders in Japan is estimated to be 1/50,000-1/
60,000, and approximately half of the cases are due to MPS Il
The estimated birth incidence of MPS 11 in Japan is, therefore, 1/
90,000-1/100,000 [11], similar to the 1/92,000 to 1/162,000 inci-
dences reported for predominantly Caucasian countries [12-15].

Until recently, treatment of MPS Il was mainly palliative and fo-
cused on alleviating clinical symptoms through a variety of surger-
ies, medical devices, therapies, and medications. Several patients
have undergone hematopoietic stem cell transplant (HSCT) as a
source of iduronate-2-sulfatase, but unlike for MPS |, cognitive de-
cline is not halted and the long-term effects on somatic disease are
not well-documented [16,17]. Therefore, most centers consider the
risk-benefit profile unfavorable and do not recommend HSCT for
patients with MPS 11.

idursulfase (Elaprase®, Shire Human Genetic Therapies, Inc.,
Cambridge, MA, USA) is a recombinant human form of iduronate-
2-sulfatase that is produced in a human cell line. Preclinical studies
carried out in an MPS II knockout-mouse model {18} and in a Phase
1/2 dose-ranging study of MPS II patients [19] indicated that idur-
sulfase was effective at reducing lysosomal GAG. The safety and
efficacy of idursulfase was confirmed in a Phase 2/3 double-blind,
placebo-controlled clinical study that randomized 96 MPS II pa-

tients to one of three treatment arms for 52 weeks: 0.5 mg/kg idur-
sulfase weekly, 0.5 mg/kg idursulfase alternating with placebo
every other week, or placebo weekly [20]. The primary efficacy
endpoint was a composite of changes in percent predicted forced
vital capacity (FVC) and the 6-Minute Walk Test (6EMWT). Patients
who received weekly idursulfase showed a greater difference in
the composite endpoint compared to placebo (p = 0.005) than did
the every other week idursulfase group (p=0.042). The weekly
idursulfase arm showed a mean 44.3 m increase in 6MWT distance
(37 m difference from placebo, p = 0.013) and a mean 3.45 percent-
age point increase in percent predicted FVC (2.7 percentage point
difference from placebo, p = 0.065). These clinical changes were
associated with significant reductions versus placebo in urinary
GAG level (~52.5%, p < 0.0001), liver volume (—25.3%, p < 0.0001),
and spleen volume (~25.1%, p < 0.0001). Idursulfase was well-tol-
erated, with infusion-related reactions being the most common
drug-related related adverse events, occurring in 69% (22/32) of
patients in the weekly idursulfase arm.

Idursulfase was approved for the treatment of MPS 1l by the
United States Food and Drug Administration (FDA) in July 2006
and by the European Medicines Agency (EMEA) in January 2007.
Due to the life-threatening nature of the disease and the small
number of patients, the Japanese Ministry of Health, Labour, and
Welfare (MHLW) Committee for the Use of Unapproved Drugs rec-
ommended that idursulfase be approved based on ethical grounds
and the results of overseas clinical trials, which included four
Japanese patients. The committee also requested that idursulfase
be made available to the most seriously ill MPS Il patients prior
to approval, which occurred in October 2007. Consequently, the
Japan Elaprase Treatment (JET) study was initiated under the direc-
tion of the Japan Society for Research on MPS Disorders. Here, we
present the results of this study.

Materials and methods
Patients

To be eligible for the study, patients had to meet all of the fol-
lowing inclusion criteria: (1) Documented deficiency of iduro-
nate-2-sulfatase enzyme activity of <10% of the lower limit of
normal with a normal enzyme activity level of one other sulfatase.
(2) Male and above 20 years of age. (3) Clinically advanced disease
status with <80% predicted FVC and New York Heart Association
Class 11-1V. (4) Capable of showing improved quality of life. (5) Able
to complete study assessments.

Patient exclusion criteria included: (1) Previous bone marrow or
cord blood transplant. (2) Known hypersensitivity to one of the
components of idursulfase. (3) Previous treatment with idursulf-
ase. (4) Unable to receive weekly infusions of idursulfase at the pa-
tient's local hospital. All patients provided signed informed
consent prior to enrollment.

Study design

This was a multi-center, open-label study that enrolled 10 adult
males with MPS 1] at 5 clinical sites in Japan. The study adhered to
the guidelines set forth in the Declaration of Helsinki. Idursulfase
was manufactured by Shire Human Genetic Therapies, Inc. and dis-
tributed by Genzyme Corporation (Cambridge, MA, USA). Genzyme
Corporation performed all statistical analyses, and Genzyme Japan
KK (Tokyo, Japan) provided data management support.

Idursulfase

Patients were administered 0.5 mg/kg idursulfase diluted in sal-
ine to a final volume of 100 cc intravenously over 3 h on a weekly
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basis (#3 days) for up to 12 months. Infusions rates were ramped
up over the first hour as described in the Phase 2/3 study {20]. Pa-
tients were monitored during each infusion and were discharged
1 h after completing the infusion, if clinically stable.

Efficacy assessments

Urinary GAG level was determined as the concentration of uron-
ic acid normalized for creatinine (mg/g creatinine) and was mea-
sured using the carbazole reaction at a central laboratory (SRL
Medisearch, Tokyo, Japan) or at Osaka City University Hospital.
Liver and spleen volumes were quantitated by computerized
tomography (CT), with the upper limits of normal being 2.5% and
0.2% of body weight, respectively. Percent predicted FVC and the
6MWT were performed according to American Thoracic Society
guidelines [21,22]. Cardiac structure and function were evaluated
by echocardiography (two-dimensional and M-mode). Left ventric-
ular mass index (LVMI) was calculated as the left ventricular mass
normalized for body surface area, with normal values defined as
<131 g/m?. Active joint range of motion was measured by goniom-
etry, and included the shoulder (flexion, extension, and abduction},
elbow (flexion and extension), hip (flexion and extension), and knee
(flexion and extension). Left and right joint ranges of motion for
each were averaged for each patient. The sleep study oxygen desat-
uration index (ODI) was assessed by pulse oximetry and defined
as the number of desaturations (<89% oxygen saturation or =>4%
decrease in oxygen saturation from baseline lasting > 10 s) per hour
of sleep. A normal ODI was considered to be <5 events/h [23].

Safety assessments

Safety evaluation included continuous monitoring of adverse
events and periodic clinical laboratory and physical examination
evaluations. Adverse events were reported by severity (mild, mod-
erate, severe, life-threatening) and by relatedness to idursulfase.
An infusion-related reaction was defined as any adverse event
occurring during or following an infusion (i.e,, within 24 h of infu-
sion initiation) that was reported by the investigator as related to
idursulfase. Antibodies to idursulfase were measured by an en-
zyme-linked immunosorbant assay (ELISA; Shire Human Genetic
Therapies).

Statistics

Efficacy results are reported as the mean # standard error of the
mean (SEM). For missing data at 12 months, the last observation
carried forward method was used for values obtained at 6 months
or later. The number of evaluable patients was at least nine for
each endpoint, except for LVMI (n =6, primarily due to missing
baseline data) and the 6MWT (n = 7, primarily due to the inability
to perform the test). The Wilcoxon signed rank test was used to
evaluate changes in efficacy endpoint from baseline to 12 months,
and p-values <0.05 were considered statistically significant. Per-
cent change was tested for pharmacodynamic parameters (i.e., uri-
nary GAG level and liver and spleen volumes), whereas absolute
change was tested for clinical endpoints.

Results
Patient disposition

Ten adult Japanese males with attenuated MPS 1l were enrolled
in the study and received idursulfase treatment. Nine patients
completed the 12-month study; one patient died of causes unre-
lated to idursuifase after receiving 41 of 44 scheduled infusions
(see Safety Section). Compliance with treatment was excellent,
with all 10 patients receiving >93% of scheduled infusions; 80%
(8/10) of patients did not miss a single scheduled infusion.

Patients

The mean patient age was 30.1 years (range 21.1-53.9). All
patients had been diagnosed during mid-childhood or adoles-
cence with MPS Il (mean age 7.9 years), and all had advanced
disease burden at the time of enroliment into the study. All pa-
tients had short stature (height <3rd percentile for Japanese
adult males). Past medical history was significant for the fol-
lowing MPS ll-related features (n=number of patients): valvular
heart disease consisting mainly of aortic andfor mitral valve
insufficiency (10), joint contractures (7), hepatomegaly (7), deaf-
ness (6), retinal degeneration (5), sleep apnea (5), otitis media

Table 1
Summary of efficacy changes after 12 months of treatment with idursulfase.
N Baseline 12 months Change % Change p-Value

Urinary GAG {mg/g creatinine) 9 1064+7.8 21.2£29 —-85.2+7.1 ~79.9+22 0.004"
Liver volume (cc) 10 14912929 993.2£75.0 —-498.0+70.2 -33.2£40 0.002"
Spleen volume (cc) 10 2102225 13812125 -721+15.7 -31.055 0.002°
6-Minute Walk Test (m) 7 286.0+53.4 340.5 £49.6 545+27.0 37.4+18.1 0.109
Forced vital capacity (% predicted) 9 399 +6.6 43.7+6.0 3.8+28 15.0+ 8.0 0.250
Forced vital capacity (L) 9 1.4+03 1.5£0.2 01101 163 £8.0 0.250
Left ventricular mass index (g/m?) 6 1399+ 25.1 133.2+38.9 —6.7%15.5 -124£11.1 0.563
Left ventricular ejection fraction (%) 10 67.0+5.2 64.3 £ 6.0 —-28+25 -6.1%5.7 0.244
Jaint range of motion (degrees) NA

Shoulder flexion 10 93.8+4.9 109.8+7.1 15073 0.066
Shoulder extension 10 44.1+4.1 438138 -0.314.1 0.945
Shoulder abduction 10 76339 95.3+8.1 19.0+8.8 0.125
Knee flexion 9 103.7+85 114452 10.7+£103 0.461
Knee extension 9 —-11.1 %45 -103 x50 08125 0.875
Hip flexion 9 89.2+8.1 103376 142 £5.1 0.031
Hip extension g 3.1+5.0 1967 -13+18 0.750
Elbow flexion 10 1209+4.0 121.8£3.7 09+25 0.828
Eibow extension 10 —-43.1+42 ~35.0+4.2 8.1%34 0.063
Oxygen desaturation index {events/h) 9 185%6.1 223%74 39+35 NA 0.426

The last observation carried forward (LOCF) method was used to replace a missing value at the 12-month timepoint.

All values are the observed means + SEM. All p-values are based on the Wilcoxon signed rank test for change from baseline to the 12-month timepoint.
NA, not applicable. Some patients had values of 0 at baseline that preciuded calculation of percent change.

' The p-value is based on the Wilcoxon signed rank test for % change from baseline to the 12-month timepoint.
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(4), macroglossia (3), umbilical hernia (2), carpal tunnel syn-
drome (2), heart failure (2), and left ventricular hypertrophy (1).

Urinary glycosaminoglycan (GAG)

All nine evaluable patients had elevated urinary GAG levels at
baseline (mean 106.4 mg/g creatinine, approximately 8 times the
upper limit of normal); one patient lacked an appropriate base-
line value (Table 1). Following idursulfase treatment, urinary
GAG levels decreased rapidly within the first three months of
treatment and remained low for the remainder of the study
(Fig. 2A). There was a statistically significant mean decrease in
the urinary GAG level of —79.9 + 2.2% from baseline to 12 months
(p = 0.004). All nine evaluable patients showed a >70% decrease in
urinary GAG levels and had normal values by the end of the
study.
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Fig. 2. The effects of idursulfase treatment on lysosomal storage over 12 months.

(A) Urinary GAG level. (B) Liver volume. (C) Spleen volume. All changes are reported
as mean + SEM.

Liver and spleen volumes

At baseline, 9 (90%) patients had hepatomegaly (mean 1.3 MN,
multiples of normal) and all 10 (100%) patients had splenomegaly
(mean 2.4 MN) by CT. After 12 months of treatment, mean liver
volume decreased by —-33.2 + 4.0% and mean spleen volume de-
creased by —31.0 £ 5.5% (Fig. 2B and C; Table 1), and both changes
were statistically significant (p = 0.002). Most of the reductions oc-
curred within the first three months of treatment, By the end of the
study, all patients had liver volumes within the normal range and
spleen volumes that were <2 MN, demonstrating efficient reduc-
tion of lysosomal GAG storage.

6-Minute Walk Test (6MWT)

At baseline, the mean 6MWT distance was 286.0 m for the se-
ven patients who could perform the test (Table 1), All but one pa-
tient walked <399 m, the lower limit of normal for healthy adult
men in the United States [24]. Three patients could not perform
the 6MWT: one patient broke his leg just prior to the start of the
study; one patient was wheelchair-bound secondary to shortness
of breath and muscle weakness; and one patient was obese and
could only walk a few steps with assistance. By the end of the
study, the mean 6MWT distance had increased by 54.5+27.0m
(Fig. 3A). This change represents a relative increase of 37.4%, and
included one patient whose 6MWT distance increased by 131%.
Four patients (57%) showed a clinically meaningful improvement
of =54 m [25], while the one patient with a normal 6MWT at base-
line showed a decline (=71 m).

Percent predicted forced vital capacity (FVC)

Nine patients underwent spirometry at baseline and all showed
a restrictive lung disease pattern: three were classified as having a
severe defect (<50% predicted FVC) and five had a very severe de-
fect (<34% predicted FVC) [26]. At baseline, mean percent predicted
FVC was 39.9% (Table 1), and after 12 months it increased by
3.8+2.8 percentage points (Fig. 3B). This improvement corre-
sponds to a relative increase of 15.0% over baseline, which is con-
sidered clinically meaningful (> 15% relative change) [25] and was
achieved by four {(44%) patients. Similarly, mean FVC increased by
16.3% over the baseline of 1.4 L. The mean forced expiratory vol-
ume in 1s (FEV,):FVC ratio remained unchanged at 0.70 during
the study. ‘

Cardiac

All patients had valve disease that remained stable during the
study. The mean ejection fraction (EF) was normal at baseline
and showed little change over 12 months (67.0-64.3%, change of
—2.8 +£2.5%) (Table 1). One patient with pre-existing cardiac failure
showed gradual worsening during the study (EF 27-14%). At base-
line, mean LVMI was slightly elevated at 139.9 g/m? (normal
<131 g/m?), and 50% (3/6) of evaluable patients had an elevated
LVMI. After 12 months, mean LVMI decreased by —12.4%, with four
patients showing a clinically meaningful improvement of >10%
[27]. The patient with the largest LMVI at baseline showed a fur-
ther increase (254.1-312.9 g/m?).

Joint range of motion

Fig. 4 and Table 1 show the changes in joint range of motion ob-
served during the study. At baseline, patients had significant joint
contractures involving the shoulder (flexion, extension, and abduc-
tion), knee (flexion and extension), hip flexion and extension), and
elbow (flexion and extension). Following 12 months of treatment,
several joints showed increased range of motion, including mean



22 T. Okuyama et al./ Molecular Genetics and Metabolism 85 (2010) 18-25

>
w

EMWT Percent Predicted FVC
500 4
£ 504
£ 400 0
3 & 454
=4 b=
3 300 3
w 1 3]
a3 5 404
E <
a
2004 + 354
g 5
[
100 . T T : : & 30 T T T : .
Baseline 3 6 9 12 Baseline 3 6 9 i2
Time Point (months} Time Point (months)
LVMI D oDl
2001 40 -
175 T 30
« £
E 1501 2
2 $ 20
g 125 2
-l =]
100 o 10
75 T T T v ¢ T 1 y
Baseline 3 6 12 Baseline 6 12
Time Point {(months) Time Point {months)

Fig. 3. The effects of idursulfase treatment on clinical endpoints over 12 months. (A) 6-Minute Walk Test. (B) % Predicted forced Vital Capacity. (C) Left Ventricular Mass
index. (D) Oxygen Desaturation Index. All changes are reported as mean + SEM.

A B 554 C

Shoulder Flexion Shoulder Extension o Shoulder Abduction
504

120 2 100
oy £ 3 o0
8 110 o 45 8
e o @
2 100 o 8
[a] 40

90 70

804 v v 35 T v 60+ v v

Baseline 6 12 Baseline 6 12 Baseline 6 12
Time Point {months) Time Point (months) Time Point (months)

130 Knee Flexion Knee Extension 130 Hip Flexion
120
120
9 0 @ 110
e 2
& 110 9 5 & 100
[=] @ o
2
o-1 90
100 8
-1 80
90 v v T -204 70 v
Baseline 6 12 Baseline 6 12 Baseline 6 12
Time Point (months) Time Point (months) Time Point (months)

Hip Extension

i Elbow Extension

12 130 Elbow Flexion 30

8
w 125 ” -35 4
@ 4 @
@ 8 5
g o £ 120 o -40
=) 2 a

-4 115 -45 4

-8 v T -

Baseline 6 12 110 N y -50 .
Baseline 6 12 Baseline 6 12
Time Point (months) Time Point {(months) Time Point (months)

Fig. 4. The effects of idursulfase treatment on joint range of motion over 12 months. (A} Shoulder flexion. (B) Shoulder extension. {C) Shoulder abduction. (D) Knee flexion. {E}
Knee extension. (F) Hip flexion. (G) Hip extension, (H) Elbow flexion. (1) Elbow extension. All changes are reported as mean + SEM.



T. Okuyama et al./ Molecular Genetics and Metabolism 99 (2010) 18-25 23

shoulder flexion (15.0x7.3 degrees), shoulder abduction
(19.0 + 8.8 degrees), knee flexion (10.7 £ 10.3 degrees), hip flexion
(14.2 £ 5.1 degrees; p =0.031), and elbow extension (8.1 + 3.4 de-
grees). However, most of the changes did not achieve statistical
significance. Shoulder extension (—0.3 + 4.1 degrees), elbow flex-
ion (0.9 £ 2.5 degrees), knee extension (0.8 + 2.5 degrees), and hip
extension (~1.3 +1.8 degrees) showed little change during the
study. Fig. 1 shows a 23 year-old study patient with severely lim-
ited shoulder range of motion (abduction and flexion), which im-
proved following one year treatment with idursulfase.

Oxygen desaturation index (ODI)

At baseline, the mean oxygen desaturation index (ODI) was 18.5
events/h (n=29), which is moderately abnormal [23]. Three pa-
tients had a normal ODI (<5 events/h), two had a mildly abnormal
ODI (5-15 events/h), and four had a moderately to severely abnor-
mal ODI (>15 events/h). During the study, the mean ODI increased
by 3.9 £3.5 events/h, which was largely due to a single patient
with an increase of 26.8 events/h. The other seven patients had sta-
ble ODI values {changes < 10 events/h).

Safety

Idursulfase was well-tolerated over the course of the study.
Adverse events were mainly mild, unrelated, and attributable to
expected symptoms of MPS Il disease. Fifty percent (5/10) of
patients experienced a total of 11 drug-related adverse events.
Urticaria was the most frequent event (five events in two patients),
followed by erythema (two events in the same patient). Similarly,
50% (5/10) of patients experienced infusion-related reactions (i.e.
adverse events assessed as drug-related and occurring within
24 h of the infusion). The highest patient incidence involved skin
reactions, i.e. urticaria and erythema (three patients each), while
dyspnea, abdominal pain, and vasovagal syncope also were ob-
served in one patient each. Except for one patient who experienced
several episodes of urticaria between 9 and 12 months, the other
four patients had infusion-related reactions only once or twice dur-
ing the first three months of treatment. Management of infusion-
related reactions included antihistamine therapy and temporary
interruption of the infusion, and all events were followed by a suc-
cessful patient recovery. There were no clinical laboratory abnor-
malities reported as related to idursulfase.

Two patients experienced serious adverse events, including one
death, in the study. A 26 year-old male experienced an infusion-re-
lated reaction involving diffuse urticaria, flushing, and numbness of
the tongue 1 h after initiation of the fifth infusion. The patient was
pre-medicated with antihistamines without further events. A
42 year-old male had an infusion-related reaction reported by the
investigator as vasovagal syncope, which consisted of hypotension,
vomiting, weak pulse, and decreased consciousness and occurred
30 min into the first infusion. Subsequent infusions were preceded
by corticosteroid pre-medication administration without further
infusion-related reactions. The patient had a history of cardiac valve
incompetence and cardiac failure requiring medications, including
furosemide. Later in the study, he experienced an increase in leg
edema secondary to worsening congestive heart failure. He was de-
pressed and attempted suicide by drug overdose (not idursulfase).
Upon arrival at the hospital, the patient went into cardiac arrest.
Subsequent resuscitation measures were unsuccessful, and he died
due to hypoxic encephalopathy, pneumonia and renal failure.

Antibodies

Anti-idursulfase I1gG antibodies were detected in 60% (6/10) of
patients, two of who became seronegative later in the study. No

IgE antibodies were detected in patients who underwent testing
for infusion-related reactions. The mean reductions in urinary
GAG levels did not differ between patients who were seropositive
at any time (—80.9% + 3.8%; n=35) and those who remained sero-
negative throughout the study (—78.6%+1.8%; n=4). Although
hypersensitive reactions or infusion-related adverse reactions
tended to occur in the antibody-positive patients (four antibody-
positive patients versus one antibody-negative patient), there
was no correlation between the presence of antibodies and other
adverse events. Furthermore, the frequency of hypersensitivity
reactions did not correlate with antibody titer.

Discussion

The most remarkable difference between this and previous clin-
ical studies of idursulfase [19,20] relates to the patient demograph-
ics and characteristics. The purpose of the JET study was to provide
access to treatment for the most seriously ill MPS I patients while
awaiting regulatory approval of idursulfase in Japan, which oc-
curred in October 2007. Patients in the JET study had a mean age
of 30.1 years, all were Japanese, and all were seriously ill (mean
percent predicted FVC 39.9% and mean 6MWT distance 286.0 m).
By comparison, MPS Il patients in the Phase 1/2 and Phase 2/3
studies of idursulfase were younger (mean ages 13.9 years and
14.2 years), predominantly Caucasian (100% and 83%, respectively),
and less severely affected (mean percent predicted FVC 55.1% and
55.4%; mean 6MWT distance 397 m and 395 m) [19,20}. Despite
these patient differences, the JET study has shown that idursulfase
is a safe and effective (Table 1) treatment for Japanese patients
with MPS II and its risk-benefit profile is similar to that reported
in previous studies. '

In this study, idursulfase efficiently reduced GAG storage, as
evidenced by the statistically significant reductions in urinary
GAG levels (p=0.004) and hepatosplenomegaly (p=0.002)
(Fig. 2; Table 1). These pharmacodynamic changes appeared to
translate into clinical benefit, as evidenced by trends towards
improvement in functional capacity (mean 54.5m increase in
6MWT), respiratory function (mean 15.0% relative increase in per-
cent predicted FVC), joint range of motion (mean increases ranging
from 8.1-19.0 degrees for several joints), and LVMI (mean —12.4%
decrease). Cardiac EF and valve disease remained mostly stable,
although one patient with severe congestive heart failure showed
progressive worsening and one patient with a greatly elevated
LVMI showed a further increase. The mean ODI increased slightly
by 3.9 events/h, but importantly 89% (8/9) of patients showed no
clinically significant changes.

The safety profile of idursuifase in the JET study was similar to
that of previous studies with no new or unexpected adverse events
despite the older and more seriously ill patient population. Most
adverse events were considered by investigators to be disease-re-
lated and unrelated to idursulfase, The most cornmon drug-related
adverse events were infusion-related reactions, occurring in 50% of
patients. The most common infusion-related reactions were skin
reactions consisting of urticaria and erythema. There were two re-
lated serious adverse events that occurred during the infusions—
one involving urticaria, flushing, and numbness of the tongue,
and the other involving vasovagal syncope. The one patient death
was attributed to suicide from a drug overdose and was not related
to idursulfase.

MPS Il is a progressive and debilitating multisystem disease that
is associated with a shortened lifespan, primarily from cardiorespi-
ratory compromise {28)]. Therefore, it is noteworthy that in this
one-year study, cardiac and respiratory functions were improved
or stable in most patients. Decreasing lung volumes are known
to be associated with increased morbidity and mortality [26];



