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Table2 Primers and restric-

 tion endonucleases for muta- Mutation Primer Sequence ?{fggrinitéﬁ;se
tion analysis

425A—G (exon 3} Sense 5-GGCCAGAAGAGATCCTGAGT-Y Snl
Antisense  5-CTGACCTGTCACTCCTGCTC-3’

R578X (exon 13) Sense 5 -CCTTCTCACTCTGCGTCCCT-3" Xhol
Antisense 5-AACCAGGACGAGAGTGAGGC-3’

5818delC (exon 70) Sense 5-TGAGTGCQGATGTTGGGTAG-3  Mspl
Antisense  5-AGCAAGAGGTCAGAGGAGCG-3'

G2043R (exon 73) Sense 5-CCCGTGGAGTGGGGTGTAGC-3"  Smal
Antisense  §-TGCAGGAAACAAGAAAATGG-3

6573+1G—C (exon8l/intron81) Sense 5-CAAGTGAGGCCCAGATTGAG-3"  Mspl
Antisense 5-GGCATGGACACAGCTTGAA-3"

7786delG (exon 104) Sense §5-CGGGCTCGTTGTATTCTAAG-3"  BsiEIL
Antisense  5-CAAAAQCTACCACACTGGT-3

R2814X (exon 114) Sense 5-CCCTCTGCCTGTGTGTCTCT-3 Pmll
Antisense  5-CTGCATTCATGGACACCCAT-¥

E2857X (exon 116) Sense 5-ACAGTGGAAATCAGTGCTGC-3 Mael
Antisense  5-AGGGTTTGTGGGAATCAGAG-Y

Mutation analysis

Mutation analysis was conducted as follows. Genomic DNA ob-
tained from blood samples was used as a template for polymerase
chain reaction (PCR) amplification of individual exons and their
flanking regions in the COL7A1 gene, as described elsewhere [5].
The primer sets to amplify exon 3, exon 13, exon 70, exon 73,
exon 81/intron 81, exon 104, exon 114, and exon 116 are shown in
Table 2. To examine the presence or absence of eight recurrent
mutations, the PCR products were subjected to digestion with re-
striction endonuclease StyI [10], Xhol [14], Smal [15], BsiEll,
Pmit [16], Mspl [18}, and Mael [18] (Table2). The genomic
DNAs from British patients with the respective recurrent mutation
were also used as positive controls. All digested products were an-
alyzed by 2% agarose gel elecirophoresis.

Results

Analysis of the British recurrent mutations R578X%,
7786delG and R2814X

The PCR products of exons 13, 104 and 114 were digested
by the restriction endonucleases X#ol, BstEIL, and Prifl,
respectively. In all 42 patients with DEB, the results of the
restriction digestion showed the normal pattern (Fig. 1).
The mutation R578X in exon 13 abolished an Xhol site,
An individual heterozygous for the mutation as a positive
control demonstrated the presence of 299-, 187-, and 112-bp
bands. In contrast, the undigested 299-bp PCR product
was not detected in 42 patients with DEB (Fig. la). The
mutation 7786delG in exon 104 resulted in loss of a cut-
ting site for the restriction endonuclease BstEIl. While an
individual heterozygous for the mutation as a positive
controf demonstrated the presence of 312-, 420, and 93-bp
bands, the PCR products from 42 patients with DEB showed
- complete digestion of the 513-bp product (Fig. 1b). The
mutation R2814X in exon 114 led to loss of a cuiting site
for the restriction endonuclease Pm/l. An individual het-
erozygous for the mutation as a positive control demon-
strated the presence of 418-, 298-, and 120-bp bands. In

contrast, the PCR products from 42 patients with DEB
showed complete digestion of the 418-bp PCR product
(Fig. Ic). None of the mutations R578X, 7786delG or
R2814X was detected in any of the 42 patients with DEB
(Table 1).

Analysis of the worldwide recurrent mutations 425A—G
and G2043R

The mutation 425A—G in exon 3 resulted in loss of a cut-
ting site for the restriction endonuclease Styl. An individ-
ual heterozygous for the mutation as a positive control
demonstrated the presence of 422-, 213-, and 209-bp
bands. Although the mutation 425A—G was identified in
a French patient with RDEB (Table 1, no. 36), the 422-bp
PCR product was not detected in the other 41 Asian pa-
tients with DEB, indicating the absence of the mutation
425A—G (Fig. 2a). The mutation G2043R in exon 73 re-
sulted in loss of an Smal restriction site which was used to
assess the presence or absence of this mutation in the patients
with DEB. The 469-bp PCR product with the G2043R
mutation was digested into 309- and 160-bp fragments,
whereas the normal PCR product was further digested into
264-, 160-, and 45-bp fragments. In the DNA of the posi-
tive control and two patients with DDEB, a 9-year-old
Japanese girl (Table 1, no. 11) and a 1-year-old Chinese
girl (Table 1, no. 12), an undigested band of 309-bp was
present, indicating the presence of the mutation G2043R
(Fig. 2b). In the other 40 patients with DEB, the 469-bp
PCR product was digested into 264-, 160- and 45-bp frag-
ments, indicating the absence of the mutation G2043R.

Analysis of the Japanese recurrent mutations 5818delC,
6573+1G—C and E2857X

The 5818delC mutation destroys a restriction mutation site
for Mspl, whereas the mutation 6573-+1G—C creates a new
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Fig.la—c Results of the restriction endonuclease digestion for
British recurrent mutations. a The mutation R578X in exon 13
abolishes an Xhol site. An individual heterozygous for the muta-
tion as a positive control demonstrated the presence of 299-, 187-,
and 112-bp bands (C). In contrast, the 299-bp undigested PCR
product was not detected in any of the 42 patients with DEB (lares
I—4, not all the data are shown), indicating the absence of the
R578X mutation. b The mutation 7786delG results in loss of a cut-
ting site for the restriction endonuclease BsfEIL Restriction diges-
tion of the PCR product of exon 104 in an individual heterozygous
for the mutation as a positive control demonstrated the presence of
512-, 420-, and 93-bp bands (C). In contrast, the PCR products in
all of the 42 patients with DEB showed complete digestion of the
513-bp product to 420-bp and 93-bp fragments (Janes [—4, not all
the data are shown), indicating the absence of the mutation
7786delG. ¢ The mutation R2814X results in loss of a cutting site
for the restriction endonuclease Pmil. Restriction digestion of the
PCR product of exon 114 in an individual heterozygous for the
mutation as a positive control demonstrated the presence of 418-,
298-, and 120-bp bands (C). In contrast, the PCR products in all of
the 42 patients with DEB showed complete digestion of the 418-bp
PCR product to 298-bp and 120-bp fragments (lane -4, not all the
data are shown), indicating the absence of the R2814X mutation
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Smal digestion

Fig.2a, b Results of the restriction endonuclease digestion for
worldwide recurrent mutations. a The mutation 425A—G in exon 3
results in loss of a cutting site for the restriction endonuclease Sryl.
An individual heterozygous for the mutation as a positive control
demonstrated the presence of 422-, 213-, and 209-bp bands (C). In
a French patient with DEB, the mutation 425A—G was identified
(lane I). In contrast, the 422-bp PCR product was not detected in
the other 41 patients with DEB (Janes 2—4, not all the data are
shown), indicating the absence of the mutation 425A—G. b The
mutation G2043R in exon 73 resulted in loss of an Smal restriction
site which was used to assess the presence or absence of this
mutation in the patients with DEB. In 40 patients with DEB, the
469-bp PCR product was digested into 264-, 160- and 45-bp frag-
ments by Smal endonuclease, indicating the absence of the muta-
tion G2043R (Janes 2—4, not all the data are shown). While in the
DNA of the positive control and two patients with DEB, an addi-
tional undigested band of 309-bp was present (C and /ane 1, only the
data of the Japanese proband are shown), indicating the presence
of the mutation G2043R

restriction enzyme site for Mspl. The E2857X mutation
destroys a restriction enzyme site for Mael. Screening of
Japanese DEB patients by Mspl and Mael digestion re-
vealed the presence of these recurrent mutations in 13 al-
leles of 11 Japanese patients of DEB as shown in Table 1.
In 2 of the 11 Japanese patients, both paternal and mates-
nal mutations were identified as recurrent mutations.

Discussion

In this study, we demonstrated the absence of the recurrent
mutations R578X, 7786delG, and R2814X in all 42 pa-
tients with DEB, and detected the mutations 425A—G and
G2043R. The mutation 425A—G was found in a French
patient with RDEB. The mutation G2043R was found in
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Japanese and Chinese patients with DDEB. The Japanese
recurrent mutations 5818delC, 6573+1G—C, and E2857X
were detected in 13 alleles of 11 Japanese patients with
DEB.

It is interesting that some recurrent mutations seem to be
exclusive to specific ethnic groups; for example, R578X,
7786delG, and R2814X in British patients with DEB and
5818delC, 6573+1G—C, E2857X in Japanese patients
with DEB. Other examples of recurrent mutations that
seem to be exclusive to a specific human ethnic group are
4783-1G—A, 497insA, and G1664A found only in Italian
patients with DEB [12]. On the other hand, the mutations
425A-5G and G2043R have been identified with no eth-
nic specificity, although there are to date not so many re-
ports of the mutation 425A—G. In general, recurrent mu-
tations can arise in two ways [19]. The first is propagation
of a commen ancestral allele. In this way, the mutant gene
arose from a common source. This is the basis of the re-
current mutations in particular ethnic groups, such as the
mutations R578X, 7786delG and R2814X. The absence
of the mutations R378X, 7786delG and R2814X in our
present series indicates that there is racial heterogeneity in
the observed frequency of these mutations within COL7A1
between British DEB patients and DEB patients in other
parts of the world, and further supports the notion that these
mutations may arise by propagation of a common ances-
tral allele, The mutations 5818delC, 6573+1G—C, and
E2857X are recurrent mutations restricted to Japanese
DEB patients [18], which were not identified in other eth-
nic groups in the present study, and which have not been
reported previously in other ethnic groups. These are an-
other example of recurrent mutations in a particular ethnic
group.

Recurrent mutations can also arise at a position on a gene
that is vulnerable to mutations. In this way, the patients
are not distantly related and the mutation has arisen at a
“hotspot” such as the mutation R125C in the KRT14 gene
encoding keratin 14 found in patients with Dowling-
Meara type of EB simplex [1]. Identification of the muta-
tion 425A—G in a French patient and G2043R in Japa-
nese and Chinese patients in our study confirms that these
mutations can be found with no relationship to ethnicity
and can be regarded as a worldwide mutational hotspot of
COL7A1. Among the previously reported ten patients with
the G2043R mutation, in seven the mutation has been re-
ported as a de novo mutation. This fact further suggests
that the G2043R mutation arises in the part of the gene
that is volnerable to mutations.

Our results also indicate that screening for the muta-
tions 425A—G and G2043R, irrespective of ethnic differ-
ences, and the ethnic-specific mutations corresponding to
a patient’s ethnicity may also be efficient in mutational
searching of COL7A] in patients with DEB. In conclu-
sion, we confirmed that recurrent mutations can be classi-
fied into two types, one limited to a specific ethnic group,
and the other found throughout the world.
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KEYWORDS Summary Background: Glycine substitution mutations in COL7AT not only cause
Type VIl collagen; dominant dystrophic epidermolysis bullosa (DDEB}, but can also be silent mutations
Nail dystrophy; which lead to recessive dystrophic epidermolysis bullosa (RDEB) in combination with
EB pruriginosa additional mutations in the other allele. Objective: In this study, we have examined a

large American Caucasian pedigree in which 10 family members from four generations
presented with simple toenail dystrophy without skin fragility in autosomal dominant
manner. Method: We sequenced COL7AT of this pedigree. Results: Mutational analysis
indeed detected a heterozygous G-to-A transition at mucleotide position 6082 lead-
ing to G2028R in all the affected members. Surprisingly, mutation database revealed
that this G2028R mutation had been previously identified in two distinct Asian fami-
lies with DDEB showing apparent skin fragility and blister formation, One case was a
17-month-old Chinese female with classical phenotype of DDEB and the other was a
27-year-old Japanese female with typical epidermolysis bullosa (EB) prurigincsa. To
better understand the molecular mechanisms of this marked inter-familiar clinical
hetercgeneity, we examined the entire sequence of all the exons and exon—intron
borders as well as the promoter region of COL7A1 in all the three families. Sequence
results demonstrated no significant nucleotide difference in COL7Af among the three
pedigrees. Conclusion: This paper has demonstrated for the first time that identical
COL7A1 glycine substitutions can cause remarkably heterogeneous clinical pheno-
types extending from simple tee nail dystrophy without skin fragility to typical DDEB

Abbreviations: €B, epidermolysis bullosa; DDEB, dominant dystrophic epidermolysis bullosa; RDEB, recessive epidermolysis
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and EB pruriginosa. In addition, the fact of inter-familiar, not intra-familiar clinical
heteraogeneity associated with G2028R suggest that the other molecular mechanisms.
not controlled by COL7AT coding sequence might be responsible for the clinical

heterogeneity.

& 2004 Japanese Society for Investigative Dermatology. Published by Elsevier ireland

Ltd. All rights reserved.

1. Introduction

Epidermolysis buliosa (EB) is a group of cutaneous
hereditary mechano-bullous disorders that can be
classified into three major categories, the simplex,
the junctional, and the dystrophic forms, on the ba-
sis of the level of tissue separation within the base-
ment membrane [1]. Dystrophic EB (DEB) is clini-
cally characterized by mucocutaneous blistering in
response to minor trauma, followed by scarring and
nail dystrophy, and patients’ exhibit tissue separa-
tion beneath the lamina densa at the level of the
anchoring fibrils within the upper papillary dermis.
It occurs in either autosomal dominant (DDEB) or
recessive (RDEB) fashions, each form having differ-
ent specific clinical presentation and severity [1].

Both DDEB and RDEB are caused by mutations
in the COL7AT gene encoding type Vil collagen,
the major component of anchoring fibrils [1,2].
The most severe subtype of RDEB, Hallopeau—
Siemens type, shows a lack of expression of colla-
gen Vi, and results from combinations of prema-
ture termination codon (PTC) mutations [3]. The
non-Hallopeau—Siemens type with the presence of
some type VIl collagen expression is generally due
to a combination of PTC with mis-sense mutations
including glycine substitutions, an in-frame dele-
tion or a splice site mutation [3,4]. Glycine substi-
tution in one allele has been found in many patients
with DDEB while a few patients showed in-frame
deletion mutations [5]. Thus, glycine substitution
mutations can cause dominantly or recessively
inherited forms of DEB. However, recent reports
have shown presence of some glycine substitutions,
which lead to only nail dystrophy but not skin blis-
tering when combined with a normal allele and,
when compound heterozygous with another COL7A1
mutation, these mutations lead to RDEB [6,7].

In this study, we reported a large American pedi-
gree with familial nail dystrophy and we have de-
tected a pathogenic glycine substitution G2028R in
the COL7AT gene, Furthermore, we analyzed the
entire genes of unrelated two families with clin-
ically different DDEB phenotypes but having the
same G2028R mutation.

2. Materials and methods
2.1. Patient details

Family A: The proband (IlI-3, Fig. 1) was a
42-year-old American Caucasian female who was
a fraternal twin and who had presented with only
toenail dystrophy since childhood. Although, as an
adult, she could get blisters on her fingers with
marked trauma, the blisters have never been a
significant problem. There were 10 affected indi-
viduals with teenail dystrophy in fourth generation
(Fig. 1). Her parents were not consanguineous. The
proband and her affected chitd (Ill-3 and IV-3) were
available for examination and their big toenails
were markedly dystrophic (Fig. 1). There were not
any other clinical findings in the proband.

Family B: These details have already been re-
ported by Lee et al, [8]. The clinical features of the
proband, a 17-month-old Chinese female, were re-
current vesicles on the knees, shins, and acral re-
gions since birth, followed by scarring and milia. In
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Fig. 1 The pedigree and clinical manifestation of family
A. There are 10 individuals with nail dystrophy (closed
circles and squares) throughout four generations. Open
circles and squares indicate unaffected family members.
Marked toenail dystrophy without any other signs of DEB
was séen in the proband and her children.
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addition, a marked atrophy was noted in the big tce-
nails and on the ring finger nail, but not any mucosat
lesion. All members of her family were clinically
normal [8]. The parents were non-consanguineous.
Electron microscopy showed poorly formed anchor-
ing fibrils beneath the lamina densa.

Family C: These details already have been
reported by Murata et al. [9]. The proband, a
27-year-old Japanese female, was characterized
by intensely itchy prurigo-like papules and milia
predominantly on the pretibial area from the age
of 20, which was consistent with EB pruriginosa.
Dystrophic changes were seen in some of her fin-
gernails and toenails. There were no abnormali-
ties in her mucous membranes, hair or teeth. The
presence of similar clinical features. in her family
indicated an autosernal dominant inheritance [9)].
Electron microscopy of the skin of the proband
showed normal-appearing but stightly reduced the
number of anchoring fibrils [9).

2.2, PCR amplification and heteroduplex
analysis

Total genomic DNA was extracted from peripheral
blood lymphocytes, and then subjected to mu-
tation screening. COL7AT segments including all
118 exons, all exon—intron borders and the pro-
moter region were amplified by PCR using pairs
of oligonucleotide primers synthesized on the
basis of intronic sequences according to the re-
port by Christiano, et al. [10] {GenBank numbers
L02870, L23982). Specifically, the following primers
were used to amplify the 286bp product con-
taining exon 73 and flanking intronic sequences:
Sense primer, 5-GGGTGTAGCTGTACAGCCAC-3,
anti-sense primer, 5-CCCTCTTCCCTCACTCTCCT-3.

For PCR amplification, approximately 200ng
of genomic DNA, 40pmol of each primer, 0.5mM
MgClz, 20pumol of each dNTP and 1.25U of Taq
polymerase were used in a total volume of 50 pl,
The amplification conditions were 94°C for S5min,
followed by 40 cycles of 94°C for 45s, 55°C for 455
and 72 °C for 45s, and extension at 72 °C for 10min
in GeneAmp PCR System 9700 (Applied Biosystems).
The PCR products were examined on 2% agarose gel
and 4—-8 pl of the samples were prepared for het-
eroduplex analysis using conformation-sensitive gel
electrophoresis (CSGE) [11). Staining with ethidium
bromide was used to visualize the heteroduplexes.
The PCR products demonstrating shifted bands
were subjected to automated nucleotide sequenc-
ing in an AB! 310 genetic analyzer (Perkin-Elmer,
Warrington, UK), when we could not detect any
significant shifted bands.

2.3, Verification of the mutations

Since the G-to-A transition at nucleotide 6082
within exon 73 results in the loss of an enzyme
restriction site for Smal (New England Biolabs Inc.,
Beverly, MA, USA), the 286 bp PCR products gener-
ated with primers indicated above were subjected
to Smal digestion according to the manufacturer’s
recommendation. The digestion products were an-
alyzed on 2% agarose gels, using ethidium bromide
to visualize the bands.

2.4. COL7A1 sequence among families A, B
andC

To compare COL7AT sequences among families A, B
and C, we obtained genomic DNA from the probands
of families A, B and C, and have examined the en-
tire sequences of all the exans, exon—intron bor-
ders and pramoter in the COL7A1 gene.

3. Results

3.1. Detection of COL7AT mutation in
family A

CSGE of the PCR products of exon 73 sequences of
COL7A1 revealed a distinct heteroduplex pattern
in all available affected individuals of the family
A, whereas all available unaffected family mem-
bers showed a homoduplex band only, similar to
that noted in an unrelated healthy control (data not
shown).

Direct DNA sequencing of the products from
the proband showed a heterozygous G-to-A tran-
sition at nucleotide 6082 within the exon 73 of
the proband (Fig. 2a). The substitution converted
a glycine {GGG) to arginine (AGG), designated as
G2028R. This mutation was confirmed by the loss
of a Smal restriction site. Digestion of the 286bp
PCR products with Smal revealed three bands 148,
93, and 45bp in the unaffected members and the
normal control, whereas the affected members
showed another 193 bp band, indicating that other
affected members had the same mutation as the
proband (Fig. 2b).

3.2. Comparison of COL7AT sequence
among families A, B, and C

Search for previous reports about COL7AT muta-
tion revealed that the same G2028R mutation was
found in two distinct families B and C as men-
tioned above. The one proband of family B was a
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A
CCCGGG

CCCGGG

Member fIF3 IV-1 V-2 IV-3{F4 V-6 821-3 111 N
G2028R + = - + + - & 4 - -
(b)

Fig. 2 Detection of the G2028 mutation in COL7AT.
{a) Nucleotide sequencing of the PCR products disclosed
a heterozygous G-to-A transition at nucleotide position
6082 in exon 73 in the proband. This nucleotide transi-
tion led to the glycine substitution G2028R. The muta-
tion was recognized in all the other affected individuals
as well as the proband, but not in unaffected members
of the family. {b} The mutation G2028R causes the loss of
a restriction site far Smal endonuclease. The 266 bp PCR
products of the unaffected individuals (VI-2, VI-1, IV-6,
and ll-1) and a normal control (N) were digested to 148,
93, and 45bp fragments, whereas the additional 193 bp
fragment is seen in those of affected individuals (1I-3,
W-3, Ii-4, 11-2, and 1i-3). The 45bp bands are too short
to be seen on the gel.

17-month-old Chinese female whose clinical phe-
notype was common type of DDEB with skin fragility
[8], and the other proband in family C was a
27-year-old Japanese female with clinical features
of EB pruriginosa which was inherited as autosomal
dominant pattern [9]. To address a mechanism of
this marked inter-familiar clinical heterogeneity
among these three pedigrees in molecular level,
we have obtained genomic DNA from these two
probands and have examined the entire sequences
of all the exons and exon—intron borders in the
COL7A1 gene. Several polymorphisms were seen
in their genes, but we found neither nucleotide
change that substituted amino acid, nor nucleotide
change that induced aberrant splicing.

Furthermore, we suspected the mutation in the
promoter area of the COL7A1 gene might be as-
sociated with marked clinical heterogeneity in the
three pedigrees. To examine this possibility, muta-
tion detection was performed adjacent to the pro-
moter area (from —730 to 4-75) of the gene, which
was responsible for the regulation of gene expres-
sion {12]. However, there was neither mutation nor
difference among the sequences of the region in the
present three families.

4. Discussion

Collagens are a family of closely related, although
genetically distinct, extracellular matrix proteins.
Each collagen consists of three polypeptide chains,
chains, which contain a characteristic repeat-
ing *'collagenous’ triplet amino acid sequence
-Gly-Xaa-Yaa-, where Xaa and Yaa denote amino
acids other than glycine. A glycine substitution mu-
tation generates a change in the glycine residue
within the -Gly-Xaa-Yaa- repeat to another residue.
Replacement of a glycine residue may distort the
conformation of the triple helix, because each of
the glycine residues is located in a sterically re-
stricted position in the center of the triple helix.
Both the position within the triple helix and the
nature of the substituting residue are thought to
be important for phenotypic outcome.

Almost 100 pathogenic glycine substitution muta-
tions have been identified in COL7A7 in unrelated
DEB patients, thus far (Fig. 3). Approximately 60
of these glycine substitution mutations in COL7A1
can cause a dominantly inherited DEB phenotype
through dominant negative interference, and are
concentrated in the amino acid residues ranging
from 2000 to 2080. Also about 30 silent glycine
substitution mutations have been described, and
are scattered along the entire collagenous domain.
No abnormal phenotype is found in individuals het-
erozygous for one of these mutations in association
with a wild-type allele {7,13]. However, if such a
mis-sense mutation is inherited on both alleles or in
association with a PTC or splice site mutation on the
other allete, the clinical consequence may be mild,
moderate or severe form of recessive DEB, depend-
ing on the nature of the second mutation [14,15].

EB prurfginosa, a rare clinical phenotype of DEB,
is characterized by severe pruritus, lichenoid or
nodular prurigo-like lesions and violaceous linear
scarring, and occasional trauma-induced blistering
that mainly affected the shins [16]. Most patients
with this rare phenotype show an autosomal dom-
inant inheritance pattern [16] and several glycine
substitution mutations G1791E, G2028R, G2034R,
G2037E, G23965, G2242R, G2239R, and G2713R
have been reported [9,17,18] (Fig. 4). Further-
more, recent reports have shown presence of some
glycine substitutions G1595R, G1776A, G1815R,
G2251E, and G2287R can cause dominantly inher-
ited nail dystrophy {6,7,19,20].

In this study, we have performed mutation anal-
ysis on a large American pedigree with familial nail
dystrophy in the dominantly inherited fashion and
detected a glycine substitution mutation, G2028R.
Although the mutation has been already reported
in two other unrelated cases [8,9], the clinical fea-
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Fig. 3 Database of glycine substitution mutations in COL7A1. The coltagenous domain of type VI! collagen extends
from amino acids 1254—2783. Glycine substitution mutations (black characters) can cause a dominant DEB phenotype
through dominant negative interference, and are concentrated in the area between amino acid residues from 2000
to 2080 (red bar), in which the G2028R mutation is located. Silent glycine substitution mutations with recessive
DEB (brown characters) have been described, and are scattered over the entire collagenous domain. The majority
of mutations causing EB pruriginosa (blue characters} show an autosomal dominant inheritance pattern. G2034R
mutations (underlined) can cause dominant DEB and EB pruriginosa, Some glycine substitution mutations G1595R,
G1776A, G1815R, G2251E, and G2287R (green characters) can cause dominantly inherited nail dystrophy alone without

skin fragility.

tures of the present American family was markedly
different from those in the other families with an
ordinary phenotype of DDEB and EB pruriginosa. A
wide diversity of clinical severity can be demon-
strated in dominant DEB even if the same muta-
tion is detected in each case, and the mutation
G2034R [18,21,22,23] has been reported to gener-
ate both DDEB and EB pruriginosa phenotypes. How-
ever, there has been no report showing that the
same COL7A1.glycine substitution can be the cause
of three different dominantly-inherited subtypes,
including common DDEB, EB pruriginosa and famil-
ial nail dystrophy without skin fragility.

In other autosomal dominant genodermatosis,
EB simplex, we recently confirm that the clinical
heterogeneity within the family was due to the
presence of second mutation of the causative ker-
atin 5 gene. We demonstrated that one mutation
was clinically silent when combined with the wild
type allele but aggravated the clinical severity of
EBS caused by another dominant mutations on the
other allele. To address a possibility that another
nucleotide changes in COL7A? are responsible for
this marked clinical heterogeneity among these
families, we have compared the COL7A1 sequences
in all exons, all exon—intron borders and in the
promoter region in three probands. We found no
significant nucleotide change except several poly-
morphisms that did not lead to the substitution of

any amino acids. COL7A71 mutations are the cause
of rare instances of familial nail dystrophy without
any history of blistering as the main clinical fea-
ture [6,7,19,20]. 1t is generally thought that, if a
dominant COL7AT glycine substitution mutation is
not at a critical sequence, a minimal phenotypical
severity, such as nail dystrophy, may arise in the
DEB patient [19]. However, since the GZ028R muta-
tion resides at an important DDEB hotspot between
from amino acid residues 2000—2080 (Fig. 3}, this
hypothesis was not proposed.

In this paper, we have first demonstrated that
the same COL7A17 glycine substitution can cause a
remarkable range of inter-familiar clinical hetero-
geneity, including nail dystrophy, typical DDEB, and
EB pruriginosa. Furthermore, no other apparent nu-
cleotide change in COL7AT sequence in the unre-
lated three families suggests the likelihood that
other additional molecular mechanisms, not involv-
ing COL7AT coding sequence, could affect the reg-
ulation of production and organizaticn of anchor-
ing fibrils, and might be responsible for this clinical
heterogeneity.
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Mutational analysis of the ATP2A2 gene in two Darier disease
families with intrafamilial variability
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Background Darier disease (DD), an autosomal dominant genodermatosis characterized by warty
paptiles and plaques over seborrhoeic areas, is caused by mutations in the ATP2A2 gene, which
encodes the sarco/endoplasmic reticulum Ca®* ATPase type 2 isoform (SERCA2). While markedly
different clinical severity within DD-affected family members is known, the pathomechanism has
not been elucidated..

Objectives Based on the hypothesis that multiple ATP2A2 mutations might contribute to the
pathomechanism, we have analysed two DD families in which the clinical severity differs markedly
within a single pedigree, and, as centrols, eight DD families without differing clinical severity.
Methods All the exons and intron—exon borders of ATP2A2 were directly sequenced from the
genomic DNA extracted from all the subjects.

Results We identified the heterozygous mutations, G233R in pedigree 1 and C318R in pedigree 2,
respectively, whereas no other ATP242 mutations in any of severely affected individuals were
found. In eight DD pedigrees as control, we have found M1V, N39D, L180R, A838P and 2170
insertion G in each of five pedigrees, but no mutation was found in three DD pedigrees.
Conclusions Our results together with previous data indicate that the distribution of mutations is
scattered over the entire ATP2A2 without any, as yet, discernible ‘hotspots’. The mutations in
pedigrees 1 and 2 with intrafamiliar clinical differences occurred around the Ca*-binding sites on
SERCA2, which might be associated with differences in clinical severity. These variations in
ATP2A2 mutations alone cannot account for the clinical heterogeneity within DD pedigrees.

Key words; ATP2A2, Darier disease, mutation, SERCA2

1: 100 000;* the age of onset is usually within the

124200) is an autosomal dominant genodermatosis
exhibiting various clinical features, including warty
papules and plagues on the mid trunk, flexures, scalp
and forehead. The palms and soles show punctate or
filiform keratoses, or minute pits. Sunlight, heat and
sweating often exacerbate these skin lesions. Neuro-
psychiatric disorders have been reported in DD, inclu-
ding mental retardafion, schizophrenia, bipolar
disorders and epilepsy. The prevalence of the disease
has been estimated at 1: 36 000, 1: 55 000* and

Correspondence; Hiroshi Shimizu MD.
E-mail: j.fungi@ijk.com

652

second decade, and penetrance in adults is high.'

The causes of DD are defects in the ATP2A2 gene on
chromosome 12923-24.1, which encodes the
sarco/endoplasmic reticulum Ca®* ATPase type 2
isoform (SERCAZ).2 SERCAZ is a calcium pump in
the sarcoplasmic reticulum that utilizes the chemical
energy from ATP, and has two isoforms, SERCA2a and
SERCA2b, that differ in their carboxy-terminals and
have distinct tissue-specific expression patterns.* SER-
CA2a is primarily located in the heart and slow-twitch
skeletal muscle, whereas SERCA2b is present in the
smooth muscle, epidermis and adnexal structures.?>*°
Despite the previous ATP2A2 mutation data in DD,
the precise correlations between DD genotype and
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phenotype, or the position of ‘hotspot” mutations, have
not yet been established.

‘Many DD families demenstrate considerable pheno-
typic variation within each pedigree. In another
autosomal dominant genodermatosis, epidermolysis
bullesa sitnplex (EBS), we recently confirmed that the
clinical heterogeneity within patients in the same
family pedigree was due to the presence of a second
causative mutation in Keratin 5. We demonstrated that
one mutation was clinically silent when combined with
the wild-type allele but aggravated the EBS clinical
severity caused by the other mutation,

The precise molecular mechanisms of the clinical
heterogeneity within DD families have not yet been
clarified, and there has been no mutational analysis
that has focused on this theme, There is a possibility
that other nucleotide changes apart from the causative
dominant mutation in the ATP2A2 result in the clinical
differences within a DD family.

Materials and methods
Patients with Darier disease

We enrolled patients from 10 unrelated Japanese
pedigrees with DD who were diagnosed by dermatol-
ogists, based on the clinical and histopathological
examination, Diagnostic clinical features were classified
as mild, moderate and severe, following the criteria of
Ringpfeil et al.®

I'wo Darier disease pedigrees with different clinical sever-
ity. Pedigree 1 (Pig. 1A) included a 77-year-old man
{case 1-1) and his 50-year-old son {case 1-2). The
father had shown slight hyperkeratotic papules on his
scalp since the age of 30, and the condition gradually
spread to almost his entire body. By the age of 77, he
had developed mild clinical features including pignmen-
tation and postinflammatory scars on the trunk with-
out mental problems (Fig. 1B). His son, however,
showed a much more severe clinical phenotype com-
pared with the father, inclading verrucous papules and
plagues on the scalp, face and trunk since his mid-teen
years (Fig. 1C).

Pedigree 2 comprised eight DD patients from three
generations (Fig. 2A) and included a 17-year-old girl
(case 2-1) and her 13-year-cld sister (case 2-2), Case
2-1 presented with more severe clinical features
including hyperkeratotic papules and plaques over
seborrhoeic areas and extremities since 4 years of age
{Fig. 2B), Piiting keratotic papules were present on her
palms, Nail invelvement, including longitudinal streaks

A (5__'0
O

1-1

Case

Exon8 697G—C G233R

AATT GGCAA nurmal
AATT CGCAA mualion
|
AATT GGCAA
11

Wl

Figure 1. (A) Family tree of pedigree 1. (B) Clinical presentation of
case 1-1, the father in pedigree 1. Small brown papules on the face.
(C) Case 1-2 (the son in pedigree 1}, Severe verrucous plaques on the
face. (D) Sequence analysis of the ATP2A2 gene in pedigree 1. The
transversion 697G — C base substitution resulted in a missense
mutatton in exon 8.
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and notches, were present on all her fingers. Mental
disease has not been detected. Interestingly, her sister,
case 2-2, had only a mild clinical phenotype with

Figure 2. (A) Family tree of pedigree 2. (B) Severe phenotype of this
Darfer disease patlent {case 2-1 in pedigree 2} with brown verrucous
papules over the seborrhoeic area. On the extremities and face,
hyperkeratotic papules were noticed. (C) Case 2-2, the younger sister
of case 3 who exhibits only a few brown papules on the trunk.
(D} The sequence analysis of the ATP2A2 in pedigree 2 shows the
transition G952T — C in one allele of exon 8.

scattered mild keratotic papules on her forehead, neck
and trunk since 12 years of age (Fig. 2C).

Pedigree 3 comprised three DD patients with approxi-
mately similar clinical severity whose detailed clinical
features were previously reported.” A 54-year-old
mother (case 3-1) manifested with hyperkeratotic
papules on her face, neck and trunk since her teen
years. Her 33-year-old daughter (case 3-2) and 28-
year-old daughter (case 3-3) showed similar hyper-
keratotic papules and plagues on the face, scalp and
trunk since they were early teenagers.

Seven sporadic cases. Case 4, a 40-year-old man, had
widespread papules and hyperkeratotic plagues on the
trunk and extremities, especially on both shins. Case 5,
a 13-year-old girl, had hyperkeratotic papules and
plagues over seborrhoeic areas and her extremities
since 11 years of age. Case 6, a 33-year-old woman,
had developed DD 2 years ago, Brown-coloured verru-
cous papules were scattered on her neck, axillae and
exiremities. Case 7, a 48-year-old man, had developed
DD 4 years previously. Disseminated verrucous nodules
with pruritus were noted on the chest, trunk and
extremities. Case 8, a 37-year-old man, had hyper-
keratotic papules on the face and trunk that had
developed 6 years previously. Case 9, a 24-year-old
woman, had milia-sized hyperkeratotic papules on the
neck, axillae, and chest for only 4 years. Case 10, a 57-
year-old man, had disseminated brown papules on
seborrhoeic areas of skin. He had developed DD during
early childhood.

Mutation analysis of the ATP2A2 gene

Genomic DNA was extracted from peripheral blood
lymphocytes and each of the 21 exons of the ATP2A2
gene were amplified by polymerase chain reaction
{PCR). The primers were synthesized according to the
previous report.’ PCR reactions were carried out in a
38-pL wvolume containing 1 x PCR buffer (Takara,
Kyoto, Japan), 2-5 mmol L' magnesium chloride,
125 mmol L™! dNTPs (PE Applied Biosystems, Foster
City, CA, U.8.A.), 200 ng genomic DNA, 40 pmol of

© 2004 British Association of Dermatologists, British fournal of Dermatology, 150, 652-657
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each primer and 1-25 unit AmpliTaq polymerase (PE
Applied Biosystems). Each reaction began with an
initial denaturation step at 95 °C for 5 min, followed
by 35 cycles of 30 s at 94 °C, 30 s at the optimally
determined annealing temperature (50-68 °C) and
30s at 72 °C. Finally, the reaction was completed
with 5 min at 72 °C. All the PCR products were
examined on 2% agarose gels and purified by QLAquick
PCR Purification Kit (Qiagen, Chatsworth, CA, U.5.A.).
Direct sequencing was performed using an ABI PRISM
3100 genetic analyser (ABI Advanced Biotechnalogies,
Columbia, MD, U.S.A.), and all identified mutations
were confirmed by restriction enzyme digestion,

Results

We screened all 21 exons and intron—exon borders of
ATP2A2 using genomic DNA obtained from 10 DD
pedigrees. In case 1-1 and case 1-2 in pedigree 1, we
found a mutation 697G — C on exon 8, resulting in
G233R {glycine — arginine) {Fig. 1d). In case 2-1 and
case 2-2 in pedigree 2, we detected a mutation
9527 — C which induced C318R (cytosine — argin-
ine) on exon 8 (Fig. 2d). '

As the result of screening of ATP2A2 in the other
pedigrees, we identified single mutations, A838P (all of
pedigree 3}, M1V (case 4), N39D (case 5), L18OR (case
6), and 2170 insertion G (case 7). We found no
mutations in cases 8-10. Collectively, we identified
heterozygous mutations in seven out of 10 pedigrees,
including six missense mutations {M1V, N39D, L180R,
G233R, C318R, and A838P) and one frameshift
insertion (2170 insertion G), and three of which were
novel (L180R, G233R, and 2170 insertion G) (Ta-
ble 1). We found no other mutations within the
remaining DD pedigrees. These novel mutations were

Table 1. The mutations of ATP2A2 gene in 10 pedigrees of Darier disease

not detected in over 50 Japanese control individuals
who showed neither skin nor neuropsychiatric disor-
ders.

Discussion

The dysfunction of one ATP2A2 allele in encoding
SERCA2 causes DD. Since Sakuntabhai et al.? reported
that mutations in the ATP2A2 cause DD, a total of 113
different ATP2A2 mutations in DD patients have been
identified.>"" While it is known that DD patients have
marked variations in their clinical phenotype even
within a family,!-**! the molecular mechanisms of this
clinical beterogeneity within a family have not yet been
clarified. We recently highlighted clinical variations
within an EBS family in which a second mutation on a
different allele in the causative keratin gene was
identified. In addition to the dominant mutation
(E170K) detected in all the affected family members
in this EBS family, a second silent mutation (E418K)
was found only in the cases showing marked clinical
severity, We demonstrated that E418K was clinically
silent when combined with the wild-type allele but
aggravated the clinical severity of the EBS when
combined with E170K on the other ailele.'?

Based on our previous findings, we hypothesized that
a similar mechanism might occur in DD. We therefore
searched for multiple nucleotide changes in ATP242 in

. our more severely affected individuals from these

families. In spite of an extensive search including all
exons and intron—exon borders of ATP2A2, we failed to
find any other mutations apart from the one common
dominant mutation. These results indicate that the
intrafamiltal clinical heterogeneity in DD cannot be
explained in these cases by the presence of multiple
mutations in ATP2A2.

Case/ Verification
pedigree Location Nucleotide Mutation Consequence Protein domain Clinical severitys method
1 Exon 8 637G > C G233R* Missense f-strand Mild and severe EcoRI

2 Exon 8 952T =» C C318R Missense sS4 Mild and severe Poull

3 Exon 16 25126 > C AB38P Missense M7 Severe BsHl

4 Exon 1 A G M1V ’ Missense Start codon Severe Neol

5 Exon 1 115A > G N39D Missense Upstream stalk Moderate Agel

6 Exon 6 539T - G L180R* Missense B-strand Moderate Fspl -

7 Exon 15 TGC - TGGC 2170insG* Frameshift Hinge Moderate Mspl

8 ND ND ND ND ND Moderate

9 ND ND ND ND ND Mild

10 ND ND ND ND ND Moderate

*Novel mutation. ND, Not determined.

© 2004 British Association of Dermatologists, British Journal of Dermatology, 150, 652-657
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Genotype-phenotype correlations in DD have not yet
been clearly demonstrated. In this study, we have
identified G233R and C318R in pedigrees 1 and 2,
respectively. G233 is located in the N-terminal of the
p-strand domain, which comprises the A (actuator or
anchor) domain; together with M1-P42 and E125-
G233, they form the three cytoplasmic domains of
SERCA2.!* However, the influence of an amino acid
substitution within' this region on the function of
SERCAZ2 is unknown, because the role of the A domain
itself is still obscure, C318R was reported in cases with
a severe DD phenotype by Sakuntabhai et al.'? This
codon is located in the helix M4 that composes a part of
the Ca®*-binding site.

SERCA, including SERCAZ, has two Ca**-binding
sites. Site I of SERCA is located in the space between the
M5 and M6 helices with a contribution from the distal
position of M8, and site II is formed by helix M4, Zhang
et al."* reported that the mutations aflecting site I in
SERCAla-are sufficient completely to inhibit binding of
both Ca®* molecules, but mutations against site I only
reduce the enzyme activity by 46% of wild-type levels.
It is possible to predict that C318R either completely or
parttally inactivates the functions of the M4 helix,
because the structure of SERCA?2 is similar to SERCAL.
However, even a reduction by half in the Ca**
transport activity of one ATP2A2 allele might induce
severe clinical manifestations in DD patients. The
mutations G233R and C318R therefore might produce
these clinical differences because of their locations near
the Ca**-binding sites.

In pedigree 3 the DD patients showed similar clinical
severity, and the mutation A838P that was detected
may induce some decisive changes in the structure of
the M7 helix because of the characteristic that proline
(P) changes the o-helix structure.’® The helix M7 is
grouped with helix M8-M10, whose functions are
unknown. Previous cases with AS38P were associated
with petit mal epilepsy and severe infected lesions on
their lower legs, but there were no descriptions of these
patients’ clinical phenotypes.® Our cases demonstrated
no complications. In the sporadic cases, we found M1V,
N39D, L180R, and 2170insG. M1V is a mutation
involving the start codon, and has previously been
reported in one very severe DD case and two cases with
flexural involvement.® Ringpfeil et al.® reported a case
with N39D with a moderate phenotype that was
associated with violent behaviour. In our study, the
patient had a moderate phenotype but was without
violent behaviour. N39 is located in an upstream stalk
region, but the function of this region is unknown.

L180R is also a novel missense mutation and is located
in the P-strand domain. 2170insG causes a novel
frameshift mutation and premature stop codon (TAA)
that occurs downstream of the mutation.

In this study. we could not find any correlation
between genotype and phenotype in DD. These results
together with previous DD mutation data indicate that
mutations are distributed throughout the entire
ATP2A2 without hot spot or high frequency mutations.
Interestingly, the mutations G233R and C318R found
in pedigree 1 and pedigree 2 with intrafamiliar clinical
difference occurred around the Ca**-binding sites
(Fig. 3). Several mutations ouf of 113 different muta-
tions have been shown to cause a moderate to mild or
severe clinical phenotype, but only two mutations have
been found to cause a shift in intrafamilial severity
from mild to severe. These two mutations, 91ins57 and
$920Y, were not located in or near the Ca**-binding
sites, but occurred upstream of the 81 region and the
M8-M9 loop, respectively, and were clearly different
from our cases, Sakuntabhai et al.!! suggested that
compensatory mechanisms might include increased
expression of the normal ATP2A2 allele and/or com-
pensation by other SERCA pumps expressed in the
epidermis such as SERCA1l and SERCA2, because
similar mutations can lead to very different DD
phenotype severities.

In conclusion, our study reveals that the distribution
of DD mutations is scattered over the entire ATP2A2

p-strand  Phosphorylation
domain

domain

¢ missense

¢ frameshift

BIM1 SIMI M3 A4 SAME ME M ME W Mie

Figure 3. The diagrammatic scheme of the SERCA2 molecule and
the position of mutations in our study.'® The mutations G233R and
C318R found in pedigree 1 and pedigree 2 with intrafamiliar clinical
difference occurred around the Ca?*-binding sites.

® 2004 British Association of Dermatologists, British Jeurnal of Dermatology, 150, 652-657
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gene without any discernible ‘hotspots’, and that
variations in ATP2A2 mutations alone cannot account
for the clinical heterogeneity within DD families.
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LETTER TO THE EDITOR

In vivo transfer of TGF-a and B genes to
keratinocytes

Sir

Cytokines, which are produced by various kinds
of cells, possess multiple biological properties and
are now being used clinically for treatment of many
diseases. Since recent studies have shown that
keratinocytes can be a significant source for many
of these cytokines, introduction of cytokine genes
to keratinocytes has great potential for treating
intractable skin diseases. Intradermal injection of
naked plasmid with the gene can induce expression
of the gene product in keratinocytes in vivo [1]. We
introduced cytokine genes to keratinocytes using
the naked DNA method, and found their biological
effect on the local site [2] as well as on the systemic
body [3]. Recently we developed a modified naked
DNA method [4], in which intradermally injected
DNA bound to nuclear protein, high mobility group
1 {HMG-1). HMG-1 enhanced transfer of DNA from
the cytoplasm into the nucleus. Actually injection
of p-galactosidase expression vector with HMG-1
induced 2—3 times higher activity than that without
HMG-1 as control [4]. In this study, we selected the
representative cytokines TGF-«, and B produced
by keratinocytes, introduced these genes by this
highly efficient method, and examined transgene
expression and their biological effects on the local
skin,

For construction of human TGF-a and B ex-
pression vectors, we first amplified the cytokine
cDNA from oligo-dT-primed keratinocyte cDNA
using PCR with specific primers. The primers
were synthesized based on the human cDNA se-
quences of TGF-a (GenBank accession no: NM
003236), B1 {(NM 000660) and B2 (NM 003238)
contained restriction enzyme sites at the 5 and
3 ends for subcloning. Primers for TGF-a are
5-CGCAAGCTTAAAATGGTCCCCTCGGCTGGA-3' and
5 -CGCGAATTCTCAGACCACTGTTTCTGAGTG-3; pri-
mers for TGF-B1 are 5'-ATAAAGCTTCCCATGCCGCC-
CTCCGGGLTG-3 and 5 -ATAGAATTCTCAGCTGCACT-
TGCAGGAGCG-3; primers for TGF-B2 are 5'-CCCAA-
GCTTAAAATGCACTACTGTGTGCTG-3' and 5-CCCG-
AATTCTTAGCTGCATTTGCAAGACTT-3'. After seque-
nce analysis of PCR fragments, they were digested

Journal of
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with restriction enzymes and subcloned into pCY4B,
which derived a robust expression in keratinocytes
[5]. These expression vectors were designated phT-
GFa, phTGFb1 and phTGFb2.

Hirosaki hairless rats were used for experiment,
Plasmid was incubated with HMG-1 for 30min
at 4°C and the HMG-1 to DNA weight ratio was
1:10 {4]. After the binding reaction, the mixture
was diluted with phosphate-buffered saline to a
DNA concentration of 0.2pg/pl, and 50l was
injected into the subepidermal dermis. Plasmid
pCY4B was used as a control. The biopsy speci-
mens were taken to examine mRNA and protein
expression, and histological changes [2,3]. For
mRNA expression, oligo-dT-primed keratinocyte
cDNA was synthesized from keratinocyte RNA and
PCR was performed with above specific primers.
RNA samples untreated with the enzyme were used
as negative controls. The concentration of human
TGF-B1 and B2 in keratinocytes was measured with
ELISA kits (R&D Systems, Minneapolis, MN). For his-
tological analysis, the skin specimens were taken
96 h after introduction.

RT-PCR from the keratinocyte samples showed
the expected 503, 1197 and 1266-bp bands for
TGFa, TGF-B1 and TGF-B2, respectively (Fig. 1A).
We could not find any bands in samples untreated
with reverse transcriptase and in samples from
pCY4BE treated site. We also examined the time
course of TGF-B1 and B2 expression in transfected
keratinocytes using ELISA, The results showed that
both levels reached a maximum at 24h and then
decreased (Fig. 1B). Previous our study showed that
cytokine gene transduction using the naked DNA
method induced the similar amount of transgenic
cytokines in keratinocytes in vivo [2,3]. intrader-
mal injection of HMG-1-bound DNA was indicated to
provide proper expression of the transferred genes.

Next, we examined the histological changes
96 h after the injection of phTGFa. Hemataxylin—
eosin staining revealed epidermal hypertrophy
with thickening of the spinous and granular lay-
ers (Fig. 2b}, indicating that the TGF-a plasmid
induced keratinocyte proliferation in vivo. In vitro
studies revealed that TGF-o enhanced keratinocyte
proliferation [6], and a transgenic mouse study
showed that TGF-a induced epidermal thickening

0923-1811/$30.00 © 2004 Japanese Society for |nvestigative Dermatotogy. Published by Elsevier Ireland Ltd. All rights reserved.
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Fig. 1 Detection of human TGF-a, g1, and g2 ex-
pression after injection of each expression vector. {(A)
Plasmids phTGFa, phTGFb1 and phTGFb2 with HMG-1
were injected into the skin. Total epidermal RNA was
isolated from the treated area 24h after transfer.
Oligo-dT-primed keratinocyte cDNA was synthesized with
reverse transcriptase (RT), and PCR was performed with
appropriate primers (lanes 1, 3 and 5). RNA samples with-
out RT were used as negative controls (lanes 2, 4 and
6). Plasmid pCY4B was also used as control vector and
PCR amplification was performed with primers for TGF«
(lanes 7 and 8). (1) TGFw; (2) TGF«(RF-); (3} TGFp1;
(4) TGFp1(RT-); (5) TGFp2; (6) TGFR2(RT-); (7) pCY4B;
(8) pCY4B(RT-). (B} Plasmids phTGFb1 and phTGFbZ with
HMG-1 were injected into the skin. The epidermal sheet
was prepared from the treated area 24 and 48h after
transfer. The levels of TGF1 and B2 were determined
by ELISA. Each values shown represents the mean + 5.D.
of the three individual samples.

fn vivo [7]. Furthermore, topical application of
viral vectors yielded in vivo transfer of TGF-a to
keratinocytes and caused epidermal thickening in
treated skin [8]. We introduced a TGF-a expres-
sion vector using the HMG-1-DNA injection method
and obtained a similar result, indicating that the
proteins synthesized from the genes introduced by
this method. Since there are many intractable skin
diseases showing epidermal atrophy, local injection
of TGF-a plasmid may be useful for treatment of
these skin diseases in the future.

TGF-B is a growth factor that has pleiotropic ef-
fects on a wide range of target cells. The TGF-§
family comprises TGF-B1, 2, and B3 and the bi-
ological activities of these molecules are known
to be very similar. It is well known that TGF-p
induces the synthesis of ECM proteins including col-
lagens and fibronectin, and inhibits the synthesis of
ECM-degrading enzymes [9]. In vitro studies demon-
strated that TGF-B enhanced differentiation of
keratinocytes (i.e. enhancement of keratinization
and suppression of growth). Transgenic mice where
K14 promoter drove TGF-B1 gene showed hyper-
keratosis, hypogranulosis, and epidermal thinning
[10]. When we transfected the TGF-§ gene into ker-
atinocytes using the HMG-1-DNA injection method,
we found not only hyperkeratosis and hypogranulo-
sis, but also epidermal thickening. Since there was
no clear difference in the histological changes be-
tween TGF-B1 and B2, we only showed the results
of TGFR1. TGF-B also activates collagen synthesis
from fibroblasts [9]. Although dermal thickening
was not observed in the TGF-B transgenic mice
[10], we observed dermal thickening in skin where
the TGF-B gene was introduced by the HMG-1-DNA
injection method. Qur previous results showed that

Fig. 2 Histological changes after introduction of expression plasmids of TGFe and p1. Plasmids pCY4b (control) (a
and d); phTGFa (b and e}; and phTGFb1 (¢ and f) with HMG-1 were injected into the skin and the treated sites were
biopsied 96 h after injection. Magnification: (a—c) 100x, scale bar 30um; {d-f) 10x, scale bar 80 pm.
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the cassette used in this study increased gene ex-
pression 25—50 times over the keratin promoter
cassettes which were used widely in transgenic
“mouse experiments [5]. We postulated that the
combination of this cassette and the HMG-1-DNA
injection method provided high level expression of
TGF-B in the epidermis, which affected fibroblasts
and induced dermal thickening. However, dermal
cells, including fibroblasts, endothelial celis, and
leukocytes, were activated by transgenic TGF-B
and may release factors that cause epidermal thick-
ening. Epidermal thickening is often accompanied
by dermal infiltration of leukocytes and fibroblastic
tumors in the area of dermatopathology. Further
research neads to clarify this finding.

In this study, we utilized HMG-1-DNA injection
method for introducing TGF genes to keratinocytes
and found biological effect in treated skin, This sug-
gests that keratinocyte gene thetrapy using these
cytokine genes may be applicable to skin diseases
with epidermal and dermal changes, which are cor-
rected by overexpression of TGF-a and TGF-B.
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We investigated the serum macrophage migration
inhibitory factor (MIF) levels of palmoplantar pustu-
losis patients, before and after the tonsillar provoca-
tion test. Higher serum MIF levels of palmeplantar
pustulosis patients were decreased after the tonsillar
provocation test (n1=29). To confirm these phenon-
ena, two patients with acute tonsillitis had their
changes in body temperature, Creactive protein
(CRP) and serum MIF levels examined during the
course of their illness. Surprisingly, increased MIF
preceded fever and CRP elevation, and MIF subse-
quently decreased at the onset of fever and CRP
elevation. Since MIF is an initiator of other proin-
flammatory cytokines, we snggest that the induction
of MIF may precede other inflammatory conditions.

Key words: Migration inhibitory factor, Focal infection,
Tumor necrosis factor alpha, Tonsillitis
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Induction of macrophage
migration inhibitory factor
precedes the onset of acute
tonsillitis
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Macrophage migration inhibitory factor (MIF) is an
impaortant cytoking in the innate immune system and
plays an important role in the control of such
inflammatory responses.! Once released, MIF in-
duces the expression of proinflammatory mediators
by macrophages and activates T cells, thereby
promoting inflammatory and imunune responses.”
Elevated concentrations of MIF have heen detected
in sera from patients with a variety of inflammatory
disorders such as atopic dermatitis

We investigated serum levels of MIF in patients
with palmoplantar pustulosis (PPP) and compared
them hefore and after the tonsillar provocation test
(TPT) in each patient. PPP is 2 common chronic skin
disease characterized by recurrent sterile pustules
and usually also by erythematous, scaly skin on the
palms and soles. It has been repotted that PPP is

* Present address: Department of Dermatology, Nara Medical
Univessity, 840 Shijocho, Kashihara, Nara 634-8522, Jupan,

ISSN 0962-9351 print/ISSN 1466-1861 online © 2004 Taylor & Francis Ltd

DOIL: 10.1080/09629350400003175

closely related to focal tonsil infections, and that
tonsillectomy is often effective in curing this condi-
tion* The TPT is a well-established lahoratory
procedure to evaluate whether the tonsils pasticipate
in the etiology of inflammatory skin diseases such as
PPP and psoriasis.* Twenty-nine patients with PPP
(10 males and 19 females; aged 19-78 years, mean
age 46.31 1.3 years) and 135 healthy volunteers (47
males and 88 females; aged 22—73 years, mean age
47.6+0.82 years) were enrolied in the present study.
None of the patients had been treated with systemic
immunosuppressants before the TPT. Controls did
not have any acute or chronic illness at the time of
the study. All participants gave informed consent.
The TPT was performed by indirect ultramicrowave
frradiation (Micro thermy ME-320; OG Giken,
Okayama, Japan) as described previously.? Blood
samples were collected before and 1 h after TPT.
Serum MIF was measured by enzyme-linked immu-
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