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released from the gelatin hydrogel together with degraded gelatin fragments in the
body, as a result of hydrogel degradation [23]. This release technology seems to be
ideal for wound dressing material. Non-biodegradable materials may be responsible
for the delay of wound healing because they remain as foreign bodies after slow
release is finished. Fourth, to prepare bFGF incorporated into a gelatin sheet, air
drying is not necessary, which may prevent bFGF from denaturing. Therefore, it
is easy for the gelatin sheet to incorporate bFGF, enabling bFGF to regulate its
biological functions. The gelatin sheet can be easily made to any sizes and shapes
so as to be applicable for wound healing.

Well-organized granulation appeared in the bFGF(+) group on day 14, with many
fibroblast cells, collagen fibers and capillaries. Two main signals, a ‘competence’
signal and a ‘progression’ signal, are needed for fibroblasts to start the synthesis of
DNA [41]. The former does not promote DNA synthesis but changes Gy and G,
cells into competent cells capable of synthesizing DNA, while the latter activates
the DNA synthesis of competent cells. The various fibroblast growth factors
recognized to date are classified into these two categories [42]. As bFGF is classified
as a ‘competent factor’, bFGF released from a gelatin sheet seems to increase
the ‘competent’ fibroblast cells and promote granulation through ‘competent cell’
activation, but details of the mechanism by which bFGF promotes granulation are
unknown.

Immunohistochemistry of mouse CD34 was used to count capillaries in our study
because the antibody reacts with mouse CD34, a protein present on endothelial and
hematopoietic progenitor cells. The antibody recognizes a neuraminidase-sensitive
epitope on the endothelium in vivo, particularly in small vessels, neoformed
capillaries and developing vascular structures in embryonal structures. Other
methods exist for the evaluation of skin neovascularization: hemoglobin assay [18,
23, 43], and hematoxylin and eosin stain [44]. Hemoglobin assay requires skin to
surround the wound, and hematoxylin and eosin stain is not specific for endothelial
cells. Thus, we used mouse CD34 to identify capillary endothelial cells and to count
the number of capillaries. The increase in capillary number observed on day 14 in
the bEFGF(+4) group suggests that the bFGF contained in the gelatin sheet promoted
angiogenesis. Recombinant human bFGF has been used clinically in Japan since
2001. In the present study, a 2-mm-thick gelatin sheet prevented wound exposure
until 14 days. However, the natural polymers are usually weak in mechanical
strength in the wet state. For a change for the better, the gelatin sheet may become
a gauze substitute, offering outstanding recovery power with the capability of a
controlled drug delivery system by combining it with cytokines, such as bFGF [45].

CONCLUSIONS

The gelatin sheet is effective for the controlled release of bFGFE. bFGF incorporated
into the gelatin sheet can promote wound healing, with a good balance of epithelial-
ization and wound contraction, and accelerate granulation and neovascularization
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when used to cover wounds. Moreover, gelatin sheets have a high water content,

are

biocompatible, biodegradable and easy to use, without the loss of bFGF bioac-

tivity. These results indicate that the gelatin sheet containing bFGF is helpful not

onl

y for preventing infection but also for obtaining esthetically good results. The

addition of other bioactive proteins to the gelatin sheet might be helpful for further

red

uction of the wound healing period.
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Epidermolysis bullosa (EB) is an inherited mechano-
bullous disorder of the skin, and is divided into three
major categories: EB simplex (EBS), dystrophic EB,
and junctional EB (JEB). Mutations in the plectin gene
(PLECI) cause EBS associated with muscular dystro-
phy, whereas JEB associated with pyloric atresia (PA)
results from mutations in the «6 and B4 integrin
genes. In this study, we examined three EB patients
associated with PA from two distinct families. Elec-
tron microscopy detected blister formation within
the basal keratinocytes leading to the diagnosis of
EBS. Surprisingly, immunohistochemical studies us-
ing monoclonal antibodies to a range of basement
membrane proteins showed that the expression of
plectin was absent or markedly attenuated. Sequence
analysis demonstrated four novel PLECI mutations.
One proband was a compound heterozygote for a
nonsense mutation of Q305X and a splice-site muta-
tion of 1344G—A. An exon-trapping experiment sug-
gested that the splice-site mutation induced aberrant
splicing of the gene. The second proband harbored a
heterozygous maternal nonsense mutation, Q2538X
and homozygous nonsense mutations R1189X. Anal-
ysis of the intragenic polymorphisms of PLECI sug-
gested that R1189X mutations were due to paiernal
segmental uniparental isodisomy. These results indi-
cate that PLECI is a possible causative gene in this
clinical subtype, EBS associated with PA. Further-
more, two patients out of our three cases died in
infancy. In terms of clinical prognosis, this novel
subtype is the lethal variant in the EBS category. (J
Mol Diagn 2005, 7:28-35)

28

Epidermolysis bullosa (EB) comprises a group of genet-
ically determined skin fragility disorders characterized by
blistering of the skin and mucous membrane. EB has
traditionally been divided into three main categories on
the basis of the level of tissue separation within the cu-
taneous basement membrane zone (BMZ); tissue sepa-
rations in EB simplex (EBS), dystrophic EB and junctional
EB (JEB) occur in the basal keratinocytes, the dermis,
and the lamina lucida of basement membrane, respec-
tively (Table 1).' Recent advances in EB research, have
allowed the identification of mutations in 10 different
genes, which account for the clinical heterogeneity in EB
(Table 1).? Dominantly inherited EBS results from muta-
tions in the basal keratinocyte-specific keratin 5 and 14
genes, whereas mutations in the plectin gene (PLECT)
can cause recessive EBS complicated by muscular dys-
trophy (EBS-MD). Dystrophic EB is characterized by se-
vere blistering and scarring, and is due to mutations in
the type VIl collagen gene. The defective genes in JEB
include the three genes encoding for the laminin 5
chains, the type XVII collagen gene, or the genes encod-
ing the hemidesmosome-associated integrin a6 and B4
subunits (ITGA6 and ITGB4).

The subtype of JEB involving a6 and B4 integrins is
associated with congenital pyloric atresia (PA).3*5 Stain-
ing with specific antibodies to the a6 or 84 integrin sub-
units in the JEB-PA skin reveals reduced or absent stain-
ing.®” JEB-PA is usually lethal, but non-lethal variants
have also been reported. The affected individuals with
the lethal forms usually die within the first weeks or
months after birth, whereas in the non-lethal variants, the
clinical severity tends to improve with age.®%89.10

However, there have been several recent reports dem-
onstrating EB cases associated with PA showing an intra-
epidermal level of cleavage consistent with the diagnosis of
EBS.11213.4 |n this study, we have encountered three
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Table 1. Epidermolysis Bullosa (EB) Classification and the Causative Genes'

Major EB type

Major EB subtypes

Involved genes/protein

EB simplex Dowling-Meara EBS K5, K14
(EBS) Koebner EBS K5, K14
Weber-Cockayne EBS K5, K14
EBS with muscular dystrophy Plectin
Junctional EB Herlitz JEB Laminin 5
(JEB) Non-Herlitz JEB Laminin 5, BPAG2

JEB with pyloric atresia

Dystrophic EB Dominant DEB

(DEB) Hallopeau-Siemens recessive DEB
Non-Hallopeau-Siemens recessive DEB

64 integrin

Type VIl collagen
Type VIl collagen
Type VI collagen

similar cases of EBS associated with PA that demonstrated
an abnormal epidermal expression of plectin. Furthermore,
we have identified novel four mutations, Q305X, 1344G—A,
R1189X, Q2538X in the PLECT gene of those cases. Thus,
this study furthers our understanding of the possible range
of pathophysiology in EB and of the biology of the cutane-
ous basement membrane.

Materials and Methods

Electron Microscopy

For electron microscopic examination, skin specimens
were fixed in 5% glutaraldehyde and post-fixed in 1%
osmium tetroxide, stained en-block in uranyl acetate.
They were dehydrated in a graded series of ethanol
solutions, then embedded in Araldite 6005 (NEM, To-
kyo, Japan). Ultra-thin sections were cut, stained with
uranyl acetate and lead citrate. The sections were
examined with a transmission electron microscope (H-
7100, Hitachi; Tokyo, Japan) at 75kv.

Immunofiluorescence Studies

Direct immunofluorescence analysis using a series of
antibodies against BMZ antigens and cryostat skin sec-
tions was performed as described previously.®'>'® The
following monoclonal antibodies (mAbs) against BMZ
components were used: mAbs HD1-121, K15, 10F6 and
5B3 against the rod domain of plectin; mAbs GoH3 and
3E1 (Chemicon International, CA) against the «6 and g4
integrins, respectively; mAb GB3 (Sera-lab, Cambridge,
UK) against laminin 5 antibody; mAb LH7.2 (Sigma, St.
Louis, MQ) against type Vil collagen; mAb S1193 and
HDD20 against BPAG1 and BPAZ2, respectively. The an-
tibodies GoH3, S1193, and HDD 20 were kind gifts from
Dr. A. Sonnenberg, the Netherlands Cancer Institute. The
antibodies HD1-121 and K15 were kind gifts from Dr. K.
Owaribe, Nogoya University.

Mutation Detection

Genomic DNA was obtained from both patients and the
parents. The mutation detection strategy was performed
after polymerase chain reaction (PCR) amplification of all

exons and intron-exon borders, followed by direct auto-
mated nucleotide sequencing (Applied Biosystems, Fos-
ter City, CA). The genomic DNA nucleotides, the cDNA
nucleotides and the amino acids of the protein were
numbered based on the previous sequence information
(GenBank Accession No. AH003623)."7 In particular,
PCR amplification of exon 9, 12, 27, and one part of exon
32 was performed using following primers. Primers 5'-
GTCGCTGTATGACGCCATGC-3'and 5'-TGGCTGGTA-
GCTCCATCTCC-3’ for exon 9 produced a 387-bp frag-
ment of the genomic DNA extending from g.2717 to
9.3103, primers 5-CCCACTCGCCTTAGGACAGT-3' and
5'-AAACCAACTCTGCCCAAAGC-3' for exon 12 synthe-
sized a 428-bp fragment from g.3571 to g.3998, primers
5-TTTCGAGGCTGGGGCTTCAT-3" and 5-GCCTGGGT-
GATGGTGTGGTC-3' for exon 27 synthesized a 771-pb
fragment from g.9681 to g.10451, and primers 5-TCT-
GCTTTGGTGGGTGATGG-3'and 5-AGCCTCTGGTTCTC-
CTCAGC-3' for a single part of exon 32 synthesized a
422-bp fragment from g.15326-g.15747. The PCR condi-
tions of the amplification were 5 minutes at 94°C for one
cycle, followed by 38 cycles of 45 seconds at 94°C, 30
seconds at 57°C or 60°C, and 1 minute at 72°C. The in-
formed consents both for studies and publication of the
photographs were obtained from both families in this study.

Verification of Mutations

Each mutation was confirmed by restriction enzyme di-
gestion of PCR products. The Q305X and 1395G->A
mutations resulted in the loss of a restriction site for the
Pstl and Hphl, respectively. The R1189X mutation caused
the generation of a new restriction enzyme site for Tsp45!.

There was no proper restriction enzyme to verify the
Q2538X mutation. PCR amplification was carried out us-
ing the following PCR primers, 5-TCTGCTTTGGTGGGT-
GATGG-3 and 5-CTCCAGCTTGGCCTTCTCCA-3 for
generation of a 225-bp product. We changed the last
base of the latter primer (underlined) from the original
sequence, so that the combination of this change and the
upstream sequence created a new Alul site in the PCR
product. Since the Q2538X mutation was also located
just one base upstream from that primer, Q2538X abol-
ished this Alul site.
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Exon-Trapping Experiments

Exon trapping system (Invitrogen, Carlsbad, CA) is an
approach used for the direct isolation of transcribed se-
guences from genomic DNA.'® To generate a PLECT
genomic fragment extending from intron 10 fo intron 13,
we synthesized two primers, 5-AAACTCGAGGGCT-
GTCCCAGGTCTGGT-3' and 5'-ATTGGATCCTGGGGC-
CGTGTGTACCTG-3" which contained the following re-
striction enzyme sites, Xhol and BamHl, respectively.
PCR was performed using genomic DNA from the pro-
band 1 as a template. The DNA fragment was digested
with Xhol and BamHI and subcloned into the multi-clon-
ing site of a pSPL3 expression vector, which contained a
portion of the HIV-1 tat gene, an intron, splice donor and
acceptor sites, and some flanking exon sequences. Se-
guence analysis selected constructs with or without the
splice site mutation 1344G—A. The constructs were
transfected into normal human epidermal keratinocytes
using N-[1-(2,3-dicleoyloxy)propyl]-N,N,N-trimethylam-
monium methylsulfate (Roche Molecular Biochemicals).
Total RNA was extracted from the culture cells and RT-
PCR was performed using the trapping vector-specific
oligonucleotide primers. The samples without transfec-
tion of the pSPL3 were used as controls. The PCR prod-
ucts were subcloned into a TA cloning vector pCR |l
(Invitrogen) and sequenced.

Results
Clinical Features of EB Associated with PA

The proband 1 was a male, born by spontaneous vaginal
delivery after a 39-week gestation. His parents were un-
related and clinically normal. Pyloric atresia (PA) and
polyhydramnios were suspected antenatally after ultra-
sound examination. Immediately after delivery, he pre-
sented with blisters and widespread ulcers on his trunk,
genitalia, and legs. Findings from a routine abdominal
radiograph led to a clinical diagnosis of EB associated
with PA (Figure 1, A to C). Laparotomy revealed a se-
verely distended stomach with a membrane at the pylo-
rus. The membrane was excised and a pyloroplasty was
performed. The histopathology of the septum showed
re-epithelization of the epithelium, an atrophic lamina
muscularis mucosae, and edematous submucocsal tis-
sue. He survived the operation, but still required intensive
care at the age of 16 months. His elder brother, born 2
years before the proband 1, was also diagnosed as
suffering from PA by routine abdominal X-ray. He mani-
fested with multiple blisters and ulcers on his scalp,
genitalia, and extremities, identical to those seen in the
proband 1 (Figure 1, D to E). On the second day after
birth, pyloroplasty and skin grafting were performed, but
he later died of sepsis 4 months after birth,

The proband 2 was a female, born by induced vaginal
delivery after a 36-week gestation, as the second child of
non-consanguineous, healthy parents. She had a 1-year-
old brother who was clinically unaffected. Antenatal ul-
trasonography had suggested a diagnosis of PA and

Figure 1. Clinical, X-ray, and ultrastructural findings of proband 1 in pedi-
aree 1. Az Sharply demarcated erosions and ulcers on the trunk, genitalia, and
lower extremity. B: Marked ulcers on the lower extremities. C: A single
abdominal bubble of gas in an abdominal X-ray of proband 1. D and E: The
same clinical manifestation of his elder brother, F: Electron microscopy of the
skin from proband 1 shows tissue separation occurring at the base of the
basal keratinocytes (stars). Keratin filaments are sparse and thin and not well
assoclated with the hemidesmosome (HD) inner plaque (full arrowheads),
Reduced numbers of hiypoplastic HDs ure recognized (triangles) and occa-
stonal HDs can be observed associated with thin bundles of keratin filaments
within the basal keratinocyte (open arrow). The lamina densa (LD) and
lamina lucida (LL) are present in the papillary dermis. Bar, 300 nm,

polyhydramnios. At birth, she presented with blisters and
ulcers on the scalp, trunk, and extremities (Figure 2, A to
D). Routine abdominal X-rays demonstrated a single ab-
dominal bubble of gas, resulting in a clinical diagnosis of
EB associated with PA. A laparotomy on the second day
after birth showed a hugely distended stomach with a
membrane at the pylorus. A gastroduodenostomy was
subsequently performed. Histopathological analysis of
the septum showed atrophic changes in general, normal
appearance of the desguamative epithelium, and no
increase in collagen fibers numbers. Due to her poor
respiratory condition, she died of dyspnea at 31 days
of age.

Skin Separation in Basal Keratinocytes

First, we examined the skin separation level within the
epidermal BMZ. Electron microscopy of the skin samples
from proband 1 revealed that the tissue separation was
localized at the base of the basal keratinocytes and that
hemidesmosomes (HDs) were reduced in frequency and
hypoplastic (Figure 1F). In the skin sample from the pro-
band 2 there was a reduction in HD numbers and many
of the HDs appeared to be small or hypoplastic. The
plane of separation was consistently within the basal
keratinocyte, just above the HD inner plague.'® The ma-
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Figure 2. Clinical and ultrastructural findings of proband 2 in pedigree 2. A:
Clearly demarcated blisters and ulcers on the scalp, abdomen, and extrem-
ities. B: Ulcers on the left arm. C: Localized erosions on the scalp. Dz Ulcers
on the left leg. E: Llectron microscopy of the skin shows basal cell debris
including flat electron densities (representing remnant hemidesmosome
outer plaques (arrows) can be seen at the base of the intraepidermal split
(asterisk). Bar, 1 pumn.

jority of HD outer plaques remained attached to the un-
derlying plasma membrane and extracellular electron-
dense lamina densa. Keratin filaments within the basal
cells appeared to form poor attachment to these rudi-
mentary HDs, which remained firmly attached to the base
of the separation (Figure 2E). The ultrastructural findings
in both cases were consistent with these patients being
classified as suffering from EBS.

Abnormal Expression of Plectin

An immunohistochemical study using monoclonal anti-
bodies (mAbs) to a range of BMZ component proteins
was performed (Figure 3). Immunoreactivity using the
mAb HD1-121 against plectin was markedly attenuated
in the proband 1 and completely lost in the proband 2.
Analysis using other plectin mAbs K15, 10F6, and 585
revealed similar results, in which proband 1 showed
markedly reduced expression while no immunoreactivity
was detected in proband 2. Immunostaining for other
BMZ proteins including the a6 and B4 integrins, laminin
5, type VIl and IV collagens were normal (Figure 3).
BPAG1 and BPAG2 also showed normal, bright, linear
labeling of the BMZ in both probands (data not shown).

PLEC1 Mutations in Proband 1

Since abnormal expression of plectin was observed in
both probands, we performed direct mutational analysis
of the entire plectin gene. In this study, the cDNA nucle-
otides and the amino acids of the protein were numbered
based on the previous sequence information (GenBank
Accession No. AH003623).'7 Direct nucleotide sequenc-
ing of PLECT from proband 1 demonstrated nonsense
and splice-site mutations. The nonsense mutation was a

EBS with PA 31
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C—T transition at nucleotide c.913 of cDNA in exon 9,
resulting in the substitution of a glutamine (CAG) at po-
sition 305 with a stop codon (TAG) (Q305X). The splice-
site mutation was a G—A substitution at nucleotide
¢.1344 in the cDNA that was located at the 3’ end of exon
12 (1344G—A) (Figure 4). The Q305X mutation was ma-
ternal and the 1344G— A mutation was paternal. These
mutations were confirmed by restriction endonuclease
analysis (Figure 4).

Since the splice site mutation of 1344G—A might just
be a polymorphism, we examined 120 unrelated alleles
as control and were unable to detected the same nucle-
otide change. Furthermore, we performed an exon-trap-
ping experiment, as keratinocytes from the proband 1 or
the parents were unavaliable. We inserted the genomic
fragments with or without 1344G—>A mutation into this
vector, transfected these constructs into normal cultured
human epidermal keratinocytes and prepared total RNA
from the keratinocytes. We then synthesized cDNA, and
amplified the extracted exons by PCR. Agarose gel elec-
trophoresis showed strong 460-bp upper and weak lower
305-bp bands from the samples of the constructs con-
taining the mutation, although a single 554-bp band was
amplified from that construct without the mutation (data
not shown).

Sequence analysis revealed that the upper 460-bp
band contained exons 11 and 13 while the lower 305-bp
band contained exon 11 alone. Conversely, exons 11, 12,
and 13 were normally extracted from the DNA fragment
without the mutation, resulting in a 554-pb band. Deletion
of exon 12, which was 94 bp in size, caused a change in
the mRNA coding frame and generation of a premature
downstream stop codon. However, the combined size of
exons 12 and 13 was 249 bp, so the deletion of these
exons did not alter the coding frame and restored the
translation of a polypeptide that was encoded by the
downstream exons.

PLECT Mutations in Proband 2

Sequence analysis of the proband 2 revealed an unusual
finding of both homozygous and heterozygous mutations.
The homozygous mutation was a C—T transition at cDNA
position ¢.3565 in exon 27, resulting in a substitution of an
arginine (CGA) at residue 1189 with a stop codon (TGA)
(R1189X). Conversely, the heterozygous mutation was a
C—T transition at position ¢.7612 in exon 32, leading to
an alteration of a glutamine (CAG) at 2538 to a stop
codon (TAG) (Q2538X) (Figure 5). Nucleotide sequences
of her parents disclosed that the father and mother were
heterozygous for R1189X and Q2538X, respectively.
These mutations were confirmed by restriction endonu-
clease analysis (Figure 5).

To eliminate a possibility that a sequence variation
under one of the primers caused failure to amplify a
maternal allele, we investigated by using a second set of
primers for exon 27/intron 28. This also confirmed that the
R1189X mutation was homozygous (data not shown).

Furthermore, comparison of 8 intragenic polymor-
phisms showed that the father and mother were heterozy-
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Normal

Plectin
HD-121

Laminin 5

Type VI

Type IV

Proband 1

Prban 2

Figure 3. Immunotluorescence using antibodies against basement membrane zone components, Staining using HD1-121, K15, 10F6, and 583 monoclonal
antibodies (mAbs) for plectin were markedly attenuated in the proband 1 and completely loss in the proband 2. Immunostaining for other proteins including a6
and B4 integrins, laminin 5, type VI and IV collagens were normal in both probands and controls,

gous for 2 of 8 and 6 of 8 markers, respectively (Figure 6).
The mutation R1189X and intron 28/10648 T—>A were
informative for the absence of a maternal allele in the
proband 2. These results indicated that the mutations
R1189X and their adjacent sequences were of paternal
origin, suggesting possibility of segmental paternal uni-
parental isodisomy over this short area.

Discussion

Plectin, a component of the hemidesmosome (HD) inner
plaque, is involved in the attachment and cross-linking

of the cytoskeleton and intermediate filaments to spe-
cific membrane complexes.?%2" Each monomer com-
prises a central rod domain of an «-helical coiled-coil
structure and flanking amino-and carboxyl-terminal
large globular domains,?222 1t is widely distributed in
almost all tissues and the exact function in each tissue
is still unclear.?*?® Although a family with EBS Ogna
was reported to result from plectin mutation,?® muta-
tions in the plectin gene (PLECT) generally cause EBS
associated with muscular dystrophy (EBS-MD), which
is characterized by generalized blistering, and a late-
onset muscular dystrophy,5:16.17.27.28.29
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Figure 4. Mutation detection in pedigree 1. The proband harbored a G—A
transition at position ¢.1344 in exon 12 within an intron-exon border (mid-
dle-right panel). He also possessed a heterozygous transition 913C—T
(exon 9), leading to the substitution of glutamine 305 with a nonsense codon
(Q305X). Hphi digestion of the 428-bp fragment with and without the
1344G->A mutation product resulted in single band of 428 bp and double
bands of 221 and 207 bp, respectively (left panel). The 387-bp PCR fragment
containing the Q305X mutation was not digested by Psil whereas the diges-
tion of the fragment without the mutation showed two bands of 240 and 147
bp (right panel). The 1344G-->A mutation was paternal and the Q305X
mutation was maternal.

The two probands in this study were both microscop-
ically classified and clinically diagnosed as suffering from
EBS associated with PA. We speculated at first, whether
the causative mutations might lie in either ITGA6 or I[TGB4
genes, known to cause PA-JEB. Surprisingly, however,
the tissue separation was not within the lamina lucida as
might be expected for JEB-PA, but was higher within
basal keratinocyte, consistent with EBS. Immunochisto-
chemical examination subsequently revealed abnormal
plectin expression, leading us to speculate that mutations
in PLECT might be the underlying cause of this condition.

Indeed, mutational analysis detected novel nonsense
and splice-site mutations on each PLECT allele of the first
proband (Figure 4). The splice-site mutation is thought to
affect the splicing of the PLECT gene, since the G nucle-
otide in the GT splice donor site in many human genes is
relatively conserved within 78% of all splice junctions.®?
We first examined 120 unrelated alleles and could not
detect the same nucleotide change. Furthermore, the
exon-trapping experiments revealed that this mutation
caused aberrant splicing of this region and suggested
that this splice site mutation was likely to be pathogenic.

immunofluorescence staining using the plectin anti-
bodies, HD1-121, K15, 10F8, and 5B3, detected some
plectin expression in proband 1 (Figure 3). HD1-121
recognizes multiple epitopes on the plectin rod do-
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Pedigree 2

| [
7

1

Paternal
ex27

G/\GCGACTG GAGTGAC ¥ Gi GAGCAGG AG GAGLAGG AG
N iR
£ 50

Maternal
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Figure 5. Mutation detection in pedigree 2. The proband 2 harbored a
homozygous transition 3565C—T (exon 27) at codon 1189 producing a
nonsense codon instead of arginine (R1189X) (middle panel). she also
harbored a heterozygous C—>T (¢.7612) substitution (exon 32) in codon
2538, replacing glutamine with a nonsense codon (Q2338X). The R1189X
mutation caused the generation of site for the Tsp45/ restriction enzyme. The
771-bp PCR product with the mutation was digested by 7§p457 resulting in
424-bp and 347-bp bands (left panel). Since no proper restriction enzyme
site was found around the Q2338X mutation, we changed one base of the
PCR primer from the original sequence to create a site for Alul (see Materials
and Methods). The digestion of 225-bp PCR product with Q2538X produced
70-bp band (right panelD). The father and the mother are heterozygous for
R1189X and Q2338X mutations, respectively.

main.®' In addition, the 10F6 and 5B3 epitopes were
located in the central and carboxyl-terminal parts of the
rod, respectively.®® The 1344G—A mutation lies up-
stream of the region encoding the rod domain. As shown
in the exon-trapping experiment, the presence of the low
weaker band suggested some expression of the plectin

[} -©
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Intron 97 3023 C—G
Exon 15/ 4766 C—T
Intron 19/ 7407 T—C
Exon 27/ 10113(R1189X)
Intron 28/ 10648 T—A
Exon 31/12020C —T
Exon 31/12271 T —=C
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Exon 32/ 15547 A —»C +
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Figure 6. Detection of uniparental isodisomy. Comparison of 8 intragenic
polymorphisms around the homozygous R1189 mutation showed that the
father and the mother were heterozygous for 2 of 8 and 6 of 8 markers. The
mutation R1189X and intron 28/10648 T—>A were informative for the ab-
sence of 1 maternal allele in the proband.

- 144 —



34 Nakamura et al
JMD February 2005, Vol. 7, No. 1

Proband 1 Proband 2

Q305X 1344G->A

R1189X Q2538
v ¥

NH COOH

956ins3 2668dei9

2694-9de21 421X 13457ins16
Q1053% 3 ‘QSB“HSAKMSOX
@ amino-terminal Q1408%

actin binding domain  4306ins13 5847ins8
4365deiC 585ddel2

I amino-terminal 50180ei19

i 5032delG
globular domain Qi713x} Q1910X

{14 integrin binding site 5105del8

_ ) carboxyh-terminal
globular repeats

| rod domain

Figure 7. Database showing the position of mutations in PLECT. Each func-
tional domain is shown in the schematic model of plectin structure. The
¢DNA and the amino acids of the protein are numbered based on the
previous sequence information (GenBank Accession No. AH003623).'7 Ami-
no-terminal actin binding domain, amino-terminal globular domain, B4 in-
tegrin binding sites, rod domain, and carboxyl-terminal globular domain are
shown.

rod domain, which is expected to be insufficient for the
normal function of plectin.

Although we found nonsense mutations of both pater-
nal and maternal origins in proband 2, it was unusual that
R1189X mutation was homozygous. To further under-
stand the mechanism causing this defect, we searched
for several intragenic polymorphisms within the PLECT
gene (Figure B). The results suggested that the R1189X
mutations and their adjacent sequences had originated
from one paternal allele. Uniparental disomy refers to the
situation in which two copies of a chromosome come
from the same parent.®3 The possibility of isodisomy can
be hypothesized if two identical segments from one pa-
rental homologue are present in the offspring, whereas
sequences of both homologues from the transmitting par-
ent are present in the normal cause, heterodisomy. An-
gelman syndrome and Prader-Willi syndrome are exam-
ples of disorders caused by uniparental disomy.®* This
study indicates that the R1189X mutations and its adja-
cent sequences are likely to be derived from one paternal
homologue and suggested possibility of segmental uni-
parental paternal isodisomy.

The next point we should discuss was how PLECT
mutation led to PA. We have reviewed the previously
reported cases of plectin mutations in EBS-MD. In total,
there were 22 mutations, of those, 16 mutations resided
within the region encoding the rod domain (Figure 7). Of
the 4 novel mutations from our cases, roughly, Q305X,
1344G->A, and Q2538X were not within the rod domain
region and R1189X was in the very end of this domain.
Plectin interacts with the cytoplasmic tail of g4 integrin via
its carboxyl as well as amino-terminal domains (Figure
7),2%3% and mutations in the 84 integrin gene result in PA.
Therefore, we postulated that the development of PA in
our cases is closely linked with the functions of plectin
and the B4 integrin subunit. Interestingly, the mutations
Q305X and 1344G—A in the first proband resided in the
amino-terminal binding site for B4 integrin (Figure 7).
However, the mutations of the second proband were not
in the B4 integrin-binding site.

The level of tissue separation in EBS due to plectin
gene mutations is different from that due to K5 or K14
gene mutations. In the latter cases there is a global
cytolysis of the basal keratinocytes, while in case of the

patients with PLECT mutations the tissue separation is
very low at the level of hemidesmosomes. Also, molecular
consequences of deletion of the cytoplasmic domain of
B4 integrin subunit or the type XVII collagen caused
predominant features of EBS with intraepidermal separa-
tion.®837 Therefore, some investigators have proposed
hemidesmosomal variants that include EBS with muscu-
lar dystrophy, JEB with pyloric atresia and generalized
atrophic benign EB?. In this aspect, EBS with pyloric
atresia in this study would belong to the variants.

Molecular mechanism of PA development even in
JEB-PA has not yet been fully elucidated although phe-
notype and genotype information of this disease has
been accumulated. Targeted ablation of both the /TGA4
and /TGB6 genes in mice clearly induced separation of
the epidermis from the dermis as seen in the skin of
JEB-PA 383940 |n contrast, those model mice could not
show straightforward evidence concerning mechanism of
PA. Further studies are needed to clarify the pathogene-
sis of PA in all patients with EBS-PA as well as those with
JEB-PA,

In this study, we have demonstrated for the first time
that PLECT mutations induce novel subtype of EB, EBS-
PA. No definite conclusion has yet been reached regard-
ing the occurrence of late onset muscular dystrophy phe-
notype of our three cases, since two patients have
already died and one patient is still a neonate. However,
this study furthers our understanding of the possible
range of pathophysiology in EB and of the biology of the
cutaneous basement membrane. In the previously re-
ported four cases of EBS-PA, "33 two cases'''?
also died shortly after birth although a search for plectin
mutations were not carried out. In terms of clinical prog-
nosis, this novel subtype EBS-PA is the lethal variant in
the EBS category and will become a real target for gene
therapy in the near future.
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and dermatan sulfate," suggesting that diabetes in these
patients can influence the composition of connective tissue.

In our patient, it is clear that both conditions, scleredema
and AN, are linked to an insulin-resistant state evidenced by
his uncontrolled diabetes. The patient’s family history, the
duration of the lesion (years), coupled with difficulty manag-
ing his diabetes suggests that his scleredema and AN are
related to insulin resistance. The lesion first appeared when
the patient was 5§ years old. It is well established that insulin
resistance increases with age.'¥ Also, the lesion did not resolve
itself, as scleredema often does, but remained the same for
many years. To date, our patient’s lesions have not changed.

Acanthosis nigricans and scleredema have been reported in
the same area in one previously published case associated
with multiple myeloma.’ In our patient, both the AN and scle-
redema coexist within the same area of skin. Acanthosis nig-
ricans usually occurs in intertriginous areas. In this case, the
indurated plaque of scleredema on the back creates a pseu-
dointertriginous area that may have predisposed the forma-
tion of AN. Furthermore, both disorders have developed
together over the same period of time and both have remained
fairly static as neither condition has shown improvement even
with more aggressive antidiabetic therapy. While their course
may seem coincidental, we believe they are tied rogether by
this patient’s inability to sufficiently control his diabetes.
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Case 1 A 73-year-old man complained of a 2-month history of an asymptomatic nodule on the
left thumb. The nodule had enlarged gradually and was accompanied by tenderness. The
nodule on the tip of the left thumb was about 1 cm in diameter, well demarcated, fleshy, and
reddish, with a granulomatous appearance (Fig. 1a). Histopathologic findings of the digital
nodule revealed a dense dermal infiliration of cells with a marked nuclear atypicality, cell
keratinization, and interceliular bridges (Fig. 1b). Because the diagnosis of a metastatic
carcinoma of the skin was suspected, subsequent systemic examination was considered.
Computed tomography revealed the presence of a primary carcinoma in the left lung, which
was diagnosed as squamous cell carcinoma, T4ANOM1, stage 1V, and there were multiple
metastases. The histopathologic finding of the digital nodule was similar to that of the

lung lesions. The patient underwent radiation therapy for the digital tumor, and systemic
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chemotherapy which was stopped because of adverse side-effects. The patient died 6 months
after identification of the tumor.

Case 2 A 71-year-old man presented with a nodule on the left ring finger 1 month after
operation for cancer of the left lung. Pathologic findings of the lung revealed a moderate or highly
differentiated squamous celt carcinoma with cell keratinization, pT2N1M0, stage Il. The finger
tumor gradually enlarged in size. Physical examination showed an approximately 2 cm in
diameter, elastic, hard, relatively well-demarcated, and hyperkeratotic tumor on the tip of the
left ring finger (Fig. 2a). The lesion was accompanied by erosions in its center and a dark,
erythematous swelling at the surrounding edges. A skin biopsy of the digital tumor was taken.
Histologic examination revealed a dense dermal infiltration with marked nuclear atypicality and
atendency to keratinize. Squamous cell carcinoma with moderate or high cell differentiation was
pathologically diagnosed (Fig. 2b), the same as recognized in the lung cancer specimen. This
case was diagnosed as metastatic carcinoma to the finger, associated with primary lung cancer.

Figure 1 {a) Clinical appearance of Case r. Tumor on the tip of

the left thumb. (b) Histopathology of the tumor of Case 1
showing dense dermal infiltration of the cells, with marked
nuclear atypicality, cell keratinization, and intercellular bridges
(hematoxylin and eosin staining; original magnification, X 40)

Discussion

Until now, 138 cases of metastasis to digital skin have been
reported; ™ however, in only 17 cases have the digital metas-
tases been recognized before the diagnosis of primary cancer,
as in Case 1." Fifty-six of the 138 cases (39.9% ) showed lung
cancer as the primary tumor.™ We need to distinguish
between digital metastases and primary squamous cell carci-
nomas. Squamous cell carcinomas metastatic to the skin are
usually located within the dermis and /or the subcutaneous fat
with no connection to the epidermis histopathologically.™
In our cases, histologic examination revealed tumor nests
extending to the upper dermis with the absence of prolifera-
tion from the epidermis. There have been many cases with
invasion of carcinoma to the phalanx.”** The average period
from the recognition of primary cancer to the diagnosis of
metastasis to the finger was 18 months (range, 2 weeks to

International Journal of Dermatology 2005, 44, 47 —49

Figure 2 (a) Clinical appearance of Case 2. Tumor on the tip of
the left ring finger with an erosion at its center and an
erythematous swelling at the surrounding edges. {b) Skin biopsy
from the nodule of Case 2 showing the proliferation of marked
atypical squamous cells in the dermis and keratinization of the
cells (hematoxylin and eosin staining; original magnification,
X 40)

7 years)."* The mean survival after the recognition of the
digital metastasis was approximately 4 months,***

The therapy for cutaneous lesions is not well defined. Most
patients with metastatic carcinoma to the finger are followed
up without special treatment for the lesions,™** but some have
undergone radiation,” or even amputation of the digit with
the metastatic tumor.,*” There have been cases of the metas-
tasis of renal cell carcinoma in which amputation or wide
excision has contributed to the potential for long-term sur-
vival.* In Case 1, the patient underwent radiation for the cuta-
neous lesion for the purpose of pain management.

It may be possible to increase the survival of patients with
digital metastases with the use of appropriate treatment,
Therefore, when a digital nodule is encountered, metastatic
carcinoma to the skin should always be included in the

© 2004 The International Society of Dermatology
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differential diagnosis, even if the individual has never been
diagnosed as having cancer.
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Ultrastructural Features of Trafficking Defects Are Pronounced
in Melanocytic Nevus in Hermansky—Pudlak Syndrome Type 1
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Hermansky—Pudlak syndrome (HPS) is an autosomal recessive disorder characterized by oculocutaneous albi-
nism, a bleeding disorder, and ceroid lipofuscinosis in the lungs and gut. HPS is genetically heterogeneous and the
most common variant, HPS type 1, is caused by mutations in HPS7 gene. The protein encoded by HPS17 is con-
sidered to facilitate the trafficking of melanocyte-specific gene products into the premelanosome. We report the
ultrastructural findings in a melanocytic nevus seen in a 17-y-old Japanese female patient with HPS1 who is a
compound heterozygote of HPS1 mutations, including a novel mutation. Electron microscopy of a pinkish papule
corresponding to the melanocytic nevus revealed markedly aberrant, immature melanosomes, large membranous
structures, and giant melanosomes in the vicinity of trans-Golgi network, the characteristic abnormalities because
of protein trafficking defects in HPS1. These ultrastructural features were far more clearly demonstrated in the
nevus cells than in the epidermal melanocytes. Thus, ultrastructural analysis of nevus cells may be an additional
diagnostic tool for HPS1 and could give us important clues to further understanding of the pathomechanisms of

HPS.

Key words: Chediak-Higashi syndrome/melanocyte/vesicle formation
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Hermansky-Pudlak syndrome (HPS; MIM 203300) is a rare,
autosomal recessive disorder characterized by oculocuta-
neous albinism, bleeding diathesis, and lysosomal accu-
mulation of ceroid lipofuscin. HPS was first described by
Hermansky and Pudlak (1959). Mutations in seven genes,
HPS1-7 have been identified to cause HPS in humans (Oh
et al, 1996; Dell’Angelica et al, 1999; Anikster et al, 2001;
Suzuki et al, 2002; Li et al, 2003; Zhang et al, 2003) and
HPS1 is the most common causative gene.

Proteins encoded by HPS genes are thought to be in-
volved in frafficking of lysosome proteins and lysosome-
related organelles, and abnormalities of lysosomes and
other specific organelles, such as platelet dense granules,
lung lameliar bodies, and melanosomes, have been ob-
served during light and electron microscopic examination.
Melanocytes in HPS contain predominantly premature
melanosomes and abnormal, large membranous structures
including tubulovesicular structures because of these traf-
ficking defects (Witkop et al, 1973; Frenk and Lattion, 1982;
Boissy et al, 1998; Husain ef al, 1998).

In this study, we demonstrated ultrastructural features of
the nevus cells from an HPS patient harboring one novel
and one recurrent HPS1 mutations. The present findings
seen in the nevus cells could provide us significant infor-
mation for the diagnosis of HPS.

Abbreviations: CHS, Chediak-Higashi syndrome; HPS, Herman-
sky-Pudiak syndrome

Results

Clinical presentation The patient was a 17-y-old Japa-
nese female. She was the second child of non-consanguin-
eous, healthy parents. There was no family history of
genodermatosis including albinism. She had one unaffected
elder sister. She had presented with oculocutaneous aibi-
nism since birth and had a history of easy bruising. No in-
fectious diathesis was noted. On physical examination, we
noted that her skin was extraordinarily pale for a Japanese
patient, and her hair was pale blonde (Fig 1a). Her eyes
were pale red-brown. Ophthalmologic examination revealed
mild horizontal nystagmus and slightly reduced visual acu-
ity. A round, pinkish papule, measuring 5 mm in diameter,
was seen on her neck (Fig 1b). The papule was resected
and processed for morphological observation. Laboratory
examination showed decreased platelet aggregation to col-
lagen. Chest computed tomography demonstrated no ev-
idence of interstitial pneumonitis. Gastrointestinal and colon
endoscopies revealed no abnormality and granulomatous
colitis was excluded.

HPS gene mutation analysis The mutation analysis for her
HPS1 gene revealed that the patient was a compound he-
terozygote for a novel mutation IVS6 + 1G> A (Fig 2a) (se-
quence according to GenBank accession No. AF450133)
and a recurrent HPS1 mutation IVS5+5G>A (Fig 2b),
which has been reported in Japanese HPS patients (Oh
et al, 1998; Horikawa et al, 2000). We previously reported

Copyright ¢ 2005 by The Society for Investigative Dermatology, Inc.
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Figure 1

Clinical features of the Hermansky-Pudlak Syndrome 1 patient. (a)
The face of the patient. The skin is pale and the hair is bright gold in
color as a Japanese girl. Her eyes are pale red-brown (not shown). (b) A
pinkish papule, melanocytic nevus, 5 mm in diameter, was present on
her neck.

that IVS5 +5G > A is a pathologic mutation with an exper-
imental evidence, which results in the exon 5 skipping
(Suzuki et al, 2004). Then we investigated an aberrant splice
pattern caused by the 1VS6 + 1G> A mutation with the RT-
PCR method using the patient RNA. The allele with the

(a) IVS6 +1G=A <
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IVS6 + 1G >A mutation was amplified with primers span-
ning around exons 5-7. This primer set would not
amplify the transcript derived from another allele with
IVS5 4 5G > A which defected exon 5 because of the exon
5 skipping. The result showed that, in the transcript, next GT
site within intron 6 (IVS6 +- 44) was used for a splice donor
site, resulting in a frameshift in the mutant mRNA (Fig 2¢).

Histological and ultrastructural findings of a pigmented
nevus in HPS Light microscopy of the skin sample from
the papule of the patient showed that cuboidal or oval cells
with round nuclei were clustered in the dermis (Fig 3a). A
small number of nevus cells contained melanin pigment
(Fig 3b). Electron microscopy revealed that melanocytes in the
epidermis contained mainly premature melanosomes in the
cytoplasm, although a few electron dense, mature melano-
somes were seen (Fig 4a). Most of the melanosomes were in
stage | or Il, and stage IV melanosomes were rarely seen.
The nevus cells in the dermis contained abundant ves-
icles of a similar size to that of normal melanosomes (Fig
4p), ceroid-like structures and electron-dense pigment with-
in these vesicles (Fig 4c), whereas only a small number of
those vesicles were also observed in the epidermal me-
lanocytes (Fig 4a). In addition, remarkable, large electron-
dense structures, 0.7 um in diameter were seen at the pe-
riphery of the trans-Golgi network (Fig 4d). These abnormal
structures, included large membranous structures, large

Exond

Ive6

A

00 800670 ACTACT

{b) [VS5 +6G=A <

Figure 2

HPS gene mutations and altered spli-
cing in the patient. Direct DNA sequence
analysis of the splice donor sites in
IVS6 (a) and IVS5 (b) in the HPS1 gene.
In IVS6, +1G>A was detected and in
VS5, +5G>A mutation was identified.
(c) A mutation of G to A at the first base of
IVS6 abolished the 5' splice site. RT-PCR
and DNA sequence analysis showed that \

Exonb
00 A0T Q0 AGTCTTC

k4

&

]
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the corresponding mRNA was aberrantly
spliced, using a cryptic 5’ splice site with- (©)
in IVS6, which resulted in a frameshift.
Normal
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Figure 3

Microscopic features of the pinkish melanocytic nevus on her
neck. (a) Abundant nevus cells are aggregated in the dermis (hem-
atoxylin and eosin, scale bar: 80 umy). (b) A few nevus cells contain
melanin pigment (arrows) (hematoxylin and eosin, scale bar: 30 um).

electron-dense structures, and immature vesicles were re-
markably abundant in the nevus cells compared with other
cells including epidermal melanocytes.

Electron microscopy showed that, in a control melanocy-
tic nevus of a healthy female, mature melanosomes were
scattered and partly aggregated presumably as autophagic
vacuoles in the cytoplasm (Fig 4e). Neither giant melano-
somes nor aberrant vesicles were observed.

Discussion

HPS comprises a group of heterozygous disorders that re-
sult from abnormal vesicle formation and protein trafficking.
At least, seven human HPS subtypes have been identified
(HPS1-7).

HPS1 gene was mapped 10g23 (Fukai et al, 1995;
Wildenberg et al, 1995). It has an open reading frame of
2103 bp, and is divided into 20 exons (Oh et al, 1996). To
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date, about 20 gene mutations in HPS1 have been reported
(Hermos et al, 2002; Huizing and Gahl, 2002), and the most
common mutation in HPS71 is a 16 bp duplication in exon
15, frequently found in Puerto Rican pedigrees (Oh et al,
1996, 1998). The present patient was a compound hetero-
zygote for a novel mutation of HPS1, IVS6+1G>A and a
previously known mutation, IVS5+5G>A (Oh et al, 1998;
Horikawa et al, 2000). Both mutations are splice donor site
mutations. Besides the present case, only one splice ac-
ceptor site mutation IVS17—-2A>C has been reported as a
splice mutation in HSP1 (Oetting and King, 1999; Hermos
et al, 2002).

Abnormal melanosomes have been reported in HPS pa-
tients (Witkop et al, 1973; Frenk and Lattion, 1982; Boissy
et al, 1998; Husain et al, 1998) and in murine models of HPS
(Nguyen and Wei, 2004). HPS1 protein has been thought to
function in trafficking molecules to lysosome-related organ-
elles and to be closely related to the formation of lysosome-
related organelles. Especially in melanocytes, the HPS1
protein was thought to be involved in sorting melanosome-
specific molecules and in formation of early vesicles
(premelanosomes) from the trans-Golgi network (Huizing
and Gahl, 2002). Previous reports also revealed that
melanocytes in HPS patients had exclusively premature
melanosomes (Witkop et al, 1973; Frenk and Lattion, 1982,
Boissy et al, 1998; Husain et al, 1998). Because of the fact
that nevus cells frequently show high melanin producing
activity, we hypothesized that melanocytic nevus might
show exaggerated abnormalities compared with me-
lanocytes in the epidermis.

Our ultrastructural observation of nevus cells in the HPS
patient revealed abnormal vesicles, large membranous
structures, and large electron-dense structures, whereas
those structures were scarcely seen in epidermal me-
lanocytes of the patient. Many of those abnormal structures
retained small amount of pigmentation, elliptical shape, or
striations characteristic to melanosomes, and they were
thought to be aberrant melanosomes, although we could
not excluded the possibility that some of the vesicles were
of lysosomal origin. These include abnormal immature
melanosomes, large membranous structures, and remark-
able large electron-dense structures (giant melanosomes),
which were observed abundantly in the periphery to the
trans-Golgi network and were thought to be representing
trafficking defects, characteristic to HPS. We have utilized
genetic analysis and blood clotting assessment for the di-
agnosis of HPS, and it is true those tests are highly useful.
We think ultrastructural analysis of nevus cells can be used
as an additional diagnostic procedure.

Giant melanosomes have also been demonstrated in
melanocytes from non-Puerto Rican HPS patients (Frenk
and Lattion, 1982; Lattion et al, 1983; Schallreuter et al,
1993; Horikawa ef al, 2000). Among the patients showing
giant melanosomes, mutations were detected only in two
patients and both patients had identical mutations,
IVS5 + 5G >A. Those abnormal melanosomes have never
been observed in Puerto Rican HPS patients. Horikawa et al
(2000) speculated that this distinction might be because of
the HPS1 gene mutation sites and nature of the defects.
Mutation site and/or the nature of IVS5-+5G>A lesion
might affect vesicle~vesicle fusion, which would result in the
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Figure 4

Electron microscopic features of the
pinkish melanocytic nevus in Herman-
sky-Pudlak syndrome 1 patient. (g) In
the epidermal melanocytes, the majority of
melanosomes were in stage | or |l (arrows)
(scale bar: 5 um). A few vesicles (arrow-
heads) were observed. A small number of
mature melanosomes were seen (inset,
scale bar: 0.4 um). (b) In the dermal nevus
cells, a large number of vacuoles and ves-
icles (arrows) were seen (scale bar: 2 um).
(c) Vesicles of a similar size to melano-
somes (arrowheads) were seen and cer-
oid-like structures and electron-dense
pigments were observed in these vesicles
(scale bar: 1 um). (d) Remarkable large,
electron-dense structures (arrows), puta-
tive giant melanosomes were seen close
to the trans-Golgi network (scale bar: 0.3
um). {e) In the control nevus cells, abun-
dant mature melanosomes (arrows) were
observed, and some of those melano-
somes were aggregated (arrowheads)
(scale bar: 4 pm). There were no giant
melanosomes and abnormal vesicles.

formation of large membranous structures and giant
melanosomes as observed in the nevus cells in our HPS
patient.

Interestingly, giant melanosomes are also seen in pa-
tients with Chediak-~Higashi syndrome (CHS), a lysosomal
disorder that also presents as oculocutaneous albinism,
similar to HPS (Zelickson et al, 1967). CHS protein is con-
sidered to be a negative regulator of vesicle-vesicle fusion
and impaired CHS protein function that promotes formation
of large vesicles, such as giant melanosomes (Huizing ef al,
2001; Marks and Seabra, 2001).

To our knowledge, this is the first report describing ul-
trastructural features of a nevus cell in an HPS patient. This
study revealed that characteristic abnormalities because of
protein trafficking defects, aberrant immature melano-
somes, large membranous structures, and remarkable large
electron-dense structures in the vicinity of the trans-Golgi
network, were more clearly demonstrated in the cells in the
melanocytic nevus than in other cell types including the
epidermal melanocytes. These characteristic ultrastructural
findings in nevus cells could provide important clues to fur-
ther understanding of the pathomechanism of HPS.

Materials and Methods

Mutation detection Using a genomic DNA purification kit (QIA-
GEN, Valencia, California), genomic DNA was isolated from pe-
ripheral blood of the patient. Her HPST gene was amplified from
her genomic DNA by PCR using the primers and PCR conditions
described previously (Bailin et al, 1997). The amplified fragments
were then screened for mutations by simultaneous analyses of
single-stranded conformation polymorphisms and heteroduplexes
method (Spritz et al, 1992). PCR products showing aberrant pat-
terns were reamplified and sequenced directly. For RT-PCR anal-
ysis RNA was extracted from mononuclear cells in the peripheral
blood. The primers for RT-PCR were EX5cf; 5 -TGTGGACGGT-
CATCTTATCC-3' in exon 5 and EX7cr; 5-GGTGTTGACAGCCTG-
GATGA-3' in exon 7.

Ultrastructural observations A papule on the patient’s neck was
resected for morphological observation. In addition, a skin sample
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of a control melanocytic nevus was obtained from a 29-y-old un-
related female. The pigmented lesion had been present on her
back for 10 y. Skin biopsy samples were fixed in 2% glutaralde-
hyde solution, post-fixed in 1% OsQ,, dehydrated, and embedded
in Epon 812 (Perry et al, 1987). The samples were sectioned at
1 um thickness for light microscopy and thin sectioned for electron
microscopy (70 nm thick). The histological sections were stained
by the method of Richardson et al (1960). The thin sections were
stained with uranyl acetate and lead citrate (Reynolds, 1963) and
examined in a transmission electron microscope.

The medical ethical committee of Hokkaido University ap-
proved all described studies. The study was conducted according
to Declaration of Helsinki Principles. Participants gave their written
informed consent.
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Abstract

Honeycomb and stripe patterned films were prepared from cellulose triacetate (CTA)/chloroform solution, as a result of the
self-organization of the polymer during evaporation of the solvent. The honeycomb patterned CTA films were prepared by two
methods, a direct pattern formation method and a transcription method. The latter method gave a well-organized microporous hon-
eycomb pattern. Both types of patterned CTA films were saponified to yield the corresponding patterned cellulose films.

© 2005 Elsevier Ltd. All rights reserved.
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1. Infroduction

Patterned films with regulated structure in nano- and
micro-orders formed by self-organization processes have
drawn much attention with potential applications in the
fields of electronics (Imada et al., 1999), photonics
(Wijnhoven and Vos, 1998; Kurono et al., 2002), bioma-
terials (Nishida et al., 2002), and so on. This fabrication
technique is expected to become an alternative to litho-
graphy (Chen and Pépin, 2001). The patterned films,
such as honeycomb (Widawski et al., 1994; Stenzel,
2002; Nishikawa et al., 2003; Yabu et al., 2003) and
stripe and ladder (Maruyama et al., 1998; Karthaus
et al., 1999, 2001; Yabu et al., 2002; Shimomura et al.,
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2003) were spontaneously formed by casting polymer
solutions on solid substrates, followed by solvent evap-
oration. Such films have been produced from synthetic
polymers. Taking environmental problem and petro-
leum supplies into consideration, it could be useful to
prepare patterned films from natural polymers.
Cellulose is the most abundant, naturally occurring
polymer. Porous cellulose films have already been pro-
duced for separation and dialysis in industry and medi-
cine on the basis of hydrophilicity and biocompatibility
(Miyamoto et al., 1989; Risbud and Bhonde, 2001). If
the patterned films were manufactured from cellulose,
they could be used for not only conventional applica-
tions but also novel uses of biomass-derived feed stocks.
According to previous reports (Widawski et al.,
1994), the honeycomb pattern was fabricated from a
solution of polymer in water-immiscible solvents under
high humidity on the basis of self-organization of
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