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Abstract
COL7A1 Mutation Analysisin Korean Patients with
Dystrophic Epidermolysis Bullosa
Se-Woong Oh
Department of Medicine
The Graduate School, Yonsel University
(Directed by Profess@oo-Chan Kin
Dystrophic  epidermolysis bullosa (DEB) is charaetnt by
mucocutaneous blistering, scarring and nail dys$iyogollowing minor
trauma. DEB is caused by mutations in f86L7A1 encoding type VII
collagen, which is the major component of the anclgofibrils. DEB occurs
as either autosomal dominant or recessive traillysrecessive form having
more severe clinical presentation. However, thenptypical variability also
depends on the different type of mutations in DHBles and their position
within the gene. To date, more than 300 differenitations have been
reported, but we cannot predict the exact genopymxotype correlation.
Furthermore, no systematic study has thus far tegiedetailed delineation of
COL7A1 mutations in Korean DEB patients except severse caports.
In this study, we performed mutational analysid 8fdistinct Korean DEB

families (4 dominant and 14 recessive). The residmonstrated 30



pathogenicCOL7A1 mutations among total 33 alleles. It included lt&4
kinds of COL7A1l mutation: 8 premature termination codons (PTC), 6
insertion/deletion frameshift mutations, 6 glycirsibstitutions (GS), 4
alternative splicings. We found out 10 novel muatasi and 5 different
recurrent mutations, R669X, G798R, G2043R, G22048 B2857X. A
computer analysis was carried out to assess tlemfaitfor each mutation to
affect the splicing of th€OL7A1 mRNA. It predicted information contents
score (Ri) changes in 10 distinct mutations. Amtimey 10 mutations, 1094-
G>C, 2392G>A (G798R), 6899A>G (Q2300R), 341G>T (®in
682+1G>A show significant Ri changes, which wasficored to induce
cryptic splicing in the previous reports or in ttggudy. We classified the
patients into four categories to investigate thenotgpe-phenotype
correlation: dominant DEB; mild (mitis type), moder severe, severe
recessive DEB (Hallopeau-Siemens type). The mutstmf DDEB families
were 3 and 1 alternative splicing, and two patieotsmild RDEB had
compound heterozygosity of alternative splicing/Gsd alternative
splicing/PTC combinations. Most of mutations obsenn moderate severe
RDEB and HS-RDEB are PTC-causing mutations, whichnbt show any
difference between two groups. This study alsouidetl 1 patient with rare

variant of DEB, transient bullous dermolysis of menn (TBDN), which was



compound heterozygote for G798R and 6246del27.

Key Words : dystrophic epidermolysis bullo€QL7A1, mutation, Korean



COL7A1 Mutation Analysisin Korean Patients

with Dystrophic Epider molysis Bullosa

Se-Woong Oh

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Soo-Chan Kim)

. INTRODUCTION

One of the most important roles of skin is a priivecfrom the external
environment. The mechanical stability is providgdtie epidermal basement
membrane zone. This zone contains auxiliary strastiknown as anchoring
complexes, which consist of hemidesmosomes, amapofilament and
anchoring fibrils. Type VII collagen is the major component of tmetzoring
fibrils that maintain adhesion of the epidermis ttee dermis. Type VII
collagen is a nonfibrillar collagen composed o&thidenticahl (VII) chains.

It is encoded by the COL7A1 gene on the chromosaegibn 3p21, which
consists of 118 exons and introns and spans ovBrk&A Type VII collagen
contains a central collagenous triple-helical demaid amino- and carboxy-
terminal non-collagenous domains (NC1 and NC2, eedely). The
collagenous domain consists of characteristic (Gly)n repeat sequences,
which are interrupted by the insertion or deletmfnone or several amino
acids on 19 occasions. The largest of theses i®9-anBnho acid non-
collagenous ‘hinge’ region near the approximatetareof the collagenous



domain. The collagenous domain is flanked by amarad carboxy-terminal
non-collagenous domaihs

Dystrophic epdermolysis bullosa is an inheriteidteling skin disorder,
characterized by mucocutaneous blistering, scarang nail dystrophy
following minor trauma. DEB is caused by mutationsthe COL7A1, and
occurs as either autosomal dominant or recessie tisually recessive form
having more severe clinical presentafiorHowever, the phenotypical
variability also depends on the different type aftations in DEB alleles and
their position within the gene. Typically, the mastvere type of DEB, the
recessive Hallopeau-Siemens variant (HS-RDEB) reguently due to the
presence of mutations leading to premature terioimaodon on both allelds
whereas autosomal dominant cases are frequentlsedally heterozygous
glycine substitutions within the collagenous tripleelix’. However,
heterozygous PTC on one allele usually does notsecaany clinical
abnormality. The accumulating database of othersenise, splice site, or
insertion/deletion frameshift mutations offers nariease the understanding of
genotype-phenotype correlation.

Splicing mutations make a significant role to hungametic disease, since
they account for approximately 15% of all mutatienshuman diseadeand
almost 17% inCOL7A1%. Splice site mutations may result in exon skipping
activation of cryptic splice sites, creation of sepdo-exon within an intron,
or intron retentioh The effect of a specific mutation on the splictan be
predicted in silico by information thedfy Changes in the affinity of a protein
for its binding site, such as splicing machinergn de estimated from the
individual information content of the natural andriant sequenc&s The
computational tool can calculate the individualommhation content (Ri) for
any variant that occurs within a binding site, azah be used to predict
whether genomic DNA sequences changes may affece site.

To date, more than 300 different mutations of @@L7A1l have been
reported, but we can not predict the exact genepymnotype correlation.



Furthermore, very few recurrent mutations or haitsgre known. Since the
mutations are distributed over the entire gene, rihdation analysis of
COL7A1 is time consuming and expensieEspecially, in Korean DEB
patients, no systematic study has thus far revedégdiled delineation of
COL7AL1 mutations patients except several case reports.

In this study, we performed mutational analysid 8fdistinct Korean DEB
families (4 dominant and 14 recessive), as wethascomputational study of
each mutations, and have demonstrated the chastictéeatures oCOL7A1
mutations in Korean DEB patients.



II. MATERIALSAND METHODS

1. Subjects

Eighteen unrelated Korean DEB families were studiziB was first
clinically diagnosed and later confirmed by immuuoofescence antigen
mapping and electron microscopy if the diagnosisnads definite with
clinical findings.

2. Mutational analysis
A. DNA samples

After obtaining informed consent, genomic DNA wasdracted from
peripheral blood lymphocytes of patients and tli@milies using a DNA
extraction kit (QlAamp DNA Blood Midi kit, Qiagemjilden, Germany).

B. Polymerase chain reaction amplication

Total DNA was used as template for amplication efi@mnic sequences
of COL7A1 (GenBank L23982)COL7A1 segments including all 118 exons,
and all exon-intron borders were amplified by PCRing pairs of
oligonucleotide primers synthesized on the basistobnic sequences. The
primers were designed by Prim&r3program (http://cbr-rbc.nrc-
cnrc.gc.cal/cgi-bin/primer3_www.cgi). The primer gegces were
described in table 1.

Amplification conditions were: 95°C for 1 min, folved by 35 cycles of
95°C for 40 s, 54-64°C for 40 s, and 72°C for 1 niihe final extension
was at 72°C for 3 min.



Table 1.The sequences of PCR primers

Exon Forward primer Reverse primer
1 CAggCAAgACCAggACTCgg gTCgTggAgTTggCTgggTT
2 ACCATCCCAAGTCCCAgTgA TgTTTCTgCAAAGACCTggC
3,4 ggCCAgAAGAgATCCTgAgT CTgACCTgTCACTCCTgCTC
5 AgCAggAgTgACAggTCAgC g99TCAggAgCACATAggAT
6 gTgTACCCTgACCTAgACCC gAggTCACTTTATCTTgCCC
7 TCAggAgTgATAggTggTggC CAgggATTCATggAgTCAQA
8 CAATTCTgCCAgCCTCTgAC gCCTTgCAgACTCAggACTC
9 gTgAgAgATgTgggCTgAggggA gCACATgggATgTCAgTggC
10 AggCTgggCACTTTCTTCAg gTCAgACCAgCAgAggCCAT
11 gAAgggATggACAggCAAgg AgCACAgCATAgAggCAgCC
12 CAgTgAgTgggggAggTgTC gAAQUJAgAgIgCTggAggTA
13 CCTTCTCACTCTgCgTCCCT AACCAggACCAgAgTgAggC
14 TgAgTACTgCAggAggCTTg TgAggTCAgAgggAAATgC
15 AATgAgggTATgggTgCCAg 09AggAgggAgTgggATTCT
16 AgACTCCCATCATCTTCCCC CACCTggACCCCCAATAAAC
17 ACAgAgTTTgCTAgCCCTgg CTgggCAATCAggAACACAC
18 gCTgCCTAAAGTgACCTgTC gCATACAgCAATggTTAgGgY
19 CCCTAACCATTgCTgTATGC CCAAAggCTCACTACCAATC
20 CAgggTCTgAgAggAgggAg CCATCAgQTgTCCTCgCCTACC
*new: CTggATTggAgAAAggACCA

21 AACCCAQTTAACAQgAgCCAg g9AggAgTCACTCAgAQTCg
22 ACCCAggATCTCAgATCTCT TgCAggAgACAgAACTTQAT
23 AgTTggggCTCTgTggAgAC CAAgQTTACTgAAQCgggCAg
24 ATAgTgogCgTAgTgggAAg TgTgAgAgAgCTgggAgAAT
25 CACCCTgATgTgTTTCTCCA ggAAggACATgTCAgAACCC

*new: TCCTCCTCAggCTCTgTgTT




26 gCATggACTCCTggggCTAT TAAggTggggTCCAgTggCT
27 oTAAQgAgTAggCTgATggg AgggTCTCTTTgAggTTgAA
28~31 g9g9ACTgggTggTAgAATAT gAgACAgCTTTgAggAgTgC
28~29 TATAAQgggTCTgggggTTC ggCCCTAggAAgggTAATCA
30~31 ggAACCTggAgAgATggTgA AACCTCgATggTCTCCACAC
32,33 TCTgCCTCACTQTTCCACCC gCTCAggCgAATgTCAACGT
34,35 TgCTCTCTAAQTgTCTTCCC CCCACTACACATCACTTgCC
36 g9TATgTggAggCAAgTgAT CAAgQgATTTTgggAgAACTg
37,38 CTCCCAAAATCCTTgAAATC AgAACTATgAAgCCCAgCAC
39,40 AgTggTTgggTgCTgggCTT gCCAATAgCTCCAggAggTC
41,42 TTTCTCCTTCAgggTgACTC CACgTTCgCCCTgATggAAA
42,43 AggTCAgAggTCgTggTTTT ggTTAgAgCCTgTATCAgCA
44~46 TCTAgCCCTgTCTgTCCATA TATAggAgggTCACTgCTCA
47,48 gACTTCCAATTCCATgTgAC CTgTggATggAAggATAAGA
49,50 099CAgTTggTgAAggTTgT AAgAgggAggTgATgCAgg
51~53 CCTTgAgAACTgCTTgCTTC TTTCCTATCACCTTCATgCC
54 TgATgggAACCTCTQATgTg gAAQATTgggAgggTTTAgC
55 CAACCTTAACCCTCCAACCA CTCAACTCTgCCCCCAAgT
55,56 ACACACgCATCTgAAggCTA AggTTTCAgAgggACAgTgg
57~60 CCTCACAgACCCTgTATCCC ggATCTgATAACCCAggCTC
61,62 ATgAgCCTgggTTATCAgAT TCTCTCggATgCTgTgACTA
63,64 gCCCCAAgggATATCTCAgAg TCTTggCTgTgTAggTgTgC
65~68 gTAgTgTCTTgCAgCCAgA AACAAQAATgACCAQQTgag
69,70 TgAgTgCggATgTTgggTAg gCCCAAgQTTCCCTTgAgTgT
71 gCAggAgCTTCTCTgTCATg ACAgCAAgAggTCAgAggAg
72 TCAAggTgggTTgTTTAggg 09gAAgAgAgAATgCTggTgg
73 gggTgTAgCTgTACAgCCAC CCCTCTTCCCTCACTCTCCT
74,75 CCAggAgAgTgAgggAAgAg TAgggTCAgAAATTCCAggg




*new: gAgCCTggAAAgCCTggT

*new: ACCAAgCTAAQggTggCTTC

76 TgACTAgTgACCAggAAgCC TCAAQTCAgTCCCTAgTgCC
77,78 gCTAAggTCAgTgTgTggAA CCCTgCACACAggACAATAC
79 gTAAgTCCTTgCCCAACAGCC CAgAgAggCACACAGACACAY
80~82 CAAgTgAggCCCAQATTgA ggCATggCACAgCTTgAA
83~85 TAgTgTgCgCCAACCTCCTg CTgCCTgTCgACCCTTgACC
86,87 gTCAAgggTTgggCTCCAgg TggAAACAQgCTTgTgggTg
88,89 CACAAgQCCTgTTTCCAAATg 099TgggTAAACTATgggTC
90,91 CgCATATTTAAgCTCTggCC CTTATgCCCgCCATCACACT
92,93 AgCCCgTgTCTgAACTCTgT ACTCCCTCTTCCTCCTgTgg
94,95 TgATgAgAgTCCTgggAggg CCCATCCTAAgQTCCTCACgA
96,97 TCgTgAggACTTAggATgag gAggTTggAAATCAgAggCA
98,99 CTCTTgCCTCTgATTTCCAA CCCgCACCTgAATTCTAATA
100~102 gAAggTCCTggCATgAgTgg TgCCCTCACAQTAgCTgTgg
103,104 CgggCTCgTTgTATTCTAAg CAAAAgCTACCACACTggTg
105,106 CCACTATCCAQggCgATTCT gCAgTggggTgAgCCTTAgg
107,108 gTACAQAQgggATgggggCT CTACACCCCCATgACCCgAC
109,110 gAgTTCAgggAggTTCCAgA TggTTATgAggTTggAAgag
111,112 AgCTCTgACTCCTgATCCCT gggACTATggTgAgACTgCA
113 TCCATgCAgTCTCACCATAg CTTgACTgCTTgCCCTgTAA
114,115 CCCTCTgCCTgTgTgTCTCT CTgCATTCATggACACCCAT
116 ACAQTggAAATCAgTgCTgC AgggTTTgTgggAATCAgAg
117 CCCTgACCTTTCAACCCTCT AAggACTCCTCCCCCAgAAC
118 TCTCCggggAAggTCAQATg CATCACAQgCTTgggTCAAg

* If two or more kinds of primer were used, theg adescribed as ‘new’.
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C. DNA sequence analysis

Sequence analyses were performed using Big Dyaraton technology
(ABI 3100 Perkin-Elmer, Warrington, UK). Genomic BNrom 50 normal,
healthy Koreans was used as a control.

D. RNA extraction and Reverse Transcriptase (RT)-PCiyais

Following informed consent, extraction of total RNAm skin biopsies
of the patient and control was performed using @aBNeasy Mini Kits
(Qiagen, Hilden, Germany). Reverse transcriptiors vpe&rformed with
TaKaRa RNA PCK Kit (Takara, Shiga, Japan) witly bf total RNA, using
oligo dT primers. The primers and the annealing perature were
summarized in Table 2.

Table 2.The summary of the primers and annealimpégature of RT-
PCR

Target Forward primer Reverse primer Product Annealing

mutation size temperature

2392G>A ggatggactggagccagata gctgactccaccttcgagac 298 bp2°C

ggatggactggagccagata tcatggggccgcccaggtgat 181 pp9°C

1094-1G>C cggaactgaccatccagaat] aactggtagcgggtcacatd21/274 | 60°C
bp

3. Computational analysis
To assess the potential pathogenicity of the nanatfound in this study,

information theory splice site analySisvas carried out via the world wide
web interface at http://splice.cmh.edu/.

11



1. RESULTS

1. Clinical findings

Eighteen Korean unrelated DEB patients were stu(iattle 3). In four
DEB patients, the pedigree pattern was autosonmairdot; the other 14
patients showed autosomal recessive inheritandcerpaifhe RDEB cases
were subclassified, based on clinical featuresfoisws: (a) HS-RDEB
was characterized by severe mutilating phenotypk witensive erosions
and blistering since birth, pseudosyndactyly anititj@ontractures; (b)
moderate severe RDEB was characterized by milddrraore localized
involvement and lack of mutilating pseudosyndactyly) mild or mitis
RDEB was characterized by the mildest blisters aoaring limited to
trauma-exposed sites; (d) a case of TBDN. Amond.thBDEB cases, four
patients were HS-RDEB, and seven patients were rateleevere RDEB,
and two patients had mitis type RDEB, and one patiad a phenotype of
TBDN.

Table 3. Phenotypes and genotypes of Korean patiétitsdystrophic
epidermolysis bullosa

phenotype mutation exon
1 dominant G2043R (6127G>A) 73
2 dominant Q2300R (6899A>G) 87
3 dominant G2043R (6127G>A) 73
4 dominant G2034R(6100G>A) 73
5 TBDN G798R (2392G>A) 6246del27 1 75
6 RDEB, mitis G1694C (5080G>T) 682+1G>A 5b intron 5
7 | RDEB, mitis"'® G114V (341G>T) R1933X (5797C>T) 3 70
8 moderate Q1211X (3631C>T) not determined D7

12




9 moderate 242delCA not determined P

10 moderate R1730X (5188C>T) not determined b8

11 moderate G2204S(6610G>A) R669X (2005C>T 82 15

12 moderate R669X (2005C>T) E2857X (8569G>T 15 116

13 moderate 2645deld E2857X (8569G>T 20 116

14 moderat& ' G2204S (6610G>A) S1689X (5066C>G) 8 55

15 HS-RDEB G2034E (6101G>A) E2857X (8569G>T) 73 116

16 HS-RDEB G798R (2392G>A) Q1286X (3856C>T) 18 31
2621ins5 (GCTTC) 20

17 HS-RDEB R578X (1732C>T) 2063delC 1 16

18 HS-RDEB 8291delGA 1094-1G>C 11 intron 8

: previously reported patient
2. Mutational analysis
A. COL7AL mutation survey

We performed mutational analysis of 18 distinct &or DEB families (4
dominant and 14 recessive) and the results are anzed in the Table 2
and the figure 1. The result demonstrated 30 pathio@OL7AL mutations
among total 33 alleles (It included 4 dominantlaie 13 recessive alleles
and the 3 mutations in 1 family.) with an overalutation detection
sensitivity of 90.9%. It included total 24 kinds@DL7A1 mutation: 8 PTC,
6 insertion/deletion frameshift mutations, 5 Gjlternative splicings. No
such mutations were found in the 50 unrelated otmtie found out 10
novel mutations: 242delCA, 1094-1G>C, 2063delC, 2Z39A (G798R),
2621insGCTTC, 2645del4, Q1286X (3856C>T), G169408(E>>T),
6246del27, 8291delGA.

13
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__1094»1G>c
r __R578X
Resox
— Gzzo4s
[czao0r ]
[ 8291delGA
4 o §
oo &»e O [
NC-1 ‘ I ‘ NC-2 ‘
Nucleotide 1258 1940 1978 2785 2944
‘ Exon 28 29 72 73 112 113
. Premature termination + Glycine substitution Red : novel mutation
Blue : previous reported mutation

. Frame shift . Altered splicing

Figure 1. Schematic representation of type VIl collagen domain
organization, and position of COL7A1 mutations disclosed in families

with Korean DEB
B. RT-PCR analysis

We performed RT-PCR to access the possibility gptic splicing in the
region of the mutation G798R (2392G>A) and 1094-AGH the case of
2392G>A, we designed two sets of primers becalsentitation 2392G>A
results in downstream PTC (Table 2, Figure 3). fbinard primer is same,
but the reverse primer of former one is designedie sequence of normal
splicing product, which is located in exon 19. Tieserse primer of the
latter one is designed for that of cryptic splicimgpduct, which is located
just upsteam of the PTC in exon 19. Agarose geitrphoresis of the
amplified PCR products showed two bands in the gamdls and mother’s

14



samples compared with a single band in the coifffigure 2A). Direct
sequencing of the smaller band (proband and motbenfirmed the
anticipated cDNA sequence.

A. 2392G>A B. 1094-1G>C

500bp
298bp
181bp
c p m c p

Figure 2. 2% agar gel electrophoresis of the cDNA samples of the
mutation 2392G>A (A) and 1094-1G>C (B). (A) The RT-PCR
amplification reveals one abnormal transcript ofild® in the sample of
patient (p) and the mother (m), in addition to 298 bp band present in the
control sample (c, p, mXB) The mutation 1094-1G>C results in two
transcripts of normal 421bp and abnormal 274bpvipgreas the transcript
of control reveals only normal 421bp transcript (c)

421bp |
274bp "]

A B

Exon 18 Exon 19

130 140 150 e cceTancoarcac
5ACGTTCTACGG ATCACCTG Gcccccco; - al A

Figure 3. Direct sequencing of the RT-PCR product from the patient

15



with the mutation 2392G>A. (A) Direct sequencing of 181bp lower band
reveals the expected cryptic splicing in exon 18jctv results in PTC in
exon 19.(B) On the other hand, direct sequencing of 298bp upped
reveals normal splicing sequences that includefectaid normal cDNA
sequence and mutated sequences with normal sp(eiray).

3. Computational analysis

A computer analysis was carried out to assess titenpal for each
mutation to affect the splicing of the COL7A1 mRNA. predicted
information contents score (Ri) changes in 10 mi$tmutations (Table 3).
Among the 10 mutations, 1094-G>C, 2392G>A (G798B899A>G

(Q2300R), 341G>T (G114V), 682+1G>A show significRnthanges.

Table 3. Ri changes of each mutations

mutation ARi of cryptic splicing site | ARi of natural Predicted result
splicing site
242delCA no change no change frameshift
341G>T G114V 0.8-8.2 (86 upstream) 6.6 (no change) alternativeislic
682+1G>A - 5.6--7.2 alternative splicing
1094-1G>A - 9.5-1.9(acceptor) alternative splicing
1732C>T R578X 4.2>2.6 (46 downstream) 8.88 (no change) PTC
2063delC no change no change frameshift
2005C>T R669X -2:35.4 (47 upstream) 8.88 (no change) PTC
2392G>A G798R 5:5-8.0 (52 upstream) 8.04 (no change) alternativeisyi
2621insGCTTC no change no change frameshift
2645del4 no change no change frameshift
3631C>T Q1211X | no change no change PTC
386C>T Q1286X no change no change PTC

16




5066C>G S1689X no change no change PTC
5080G>T G1694C | 4:91.6 (17 upstream) 10.31 (no change) GS
-3.8—4.4 (19 upstream)
5188C>T R1730X | no change no change PTC
5797C>T R1933X -1%5.8 (25 upstream) 8.7 (no change) PTC
6100G>A G2034R no change no change GS
6101G>A G2034E no change no change GS
6127G>A G2043R no change no change GS
6246del27 6.6~ -6.6 (5 upstream) 6.84 (no change) frameshift
6610G>A G2204S no change no change GS
6899A>G Q2300R | 3.2 (nochange, 59 6.5-4.2 alternative splicing
upstream)
6.5 (no change, 87
downstream)
8291delGA no change no change frameshift
8569G>T E2857X no change no change PTC

17




V. DISCUSSION

Mutation analysis ofCOL7A1 is urgently needed for precise diagnosis,
prognostication, genetic counseling and reliablenptal diagnosis, and
identification of suitable candidates for futurangeherapy trials. So far, there
are some ethnic reports of mutational analysiS@E7A1, which is including
British*®, Mexicart®, Italian'’, Japanes&and central European populatioff.
However, there is a few sporadic case report of DERorea, and this is the
first report of ethnic mutational report in Kore@&B patients.

Among the 29 pathogenic mutations, we found 8 R¥kich appear to be
fairly evenly distributed throughout the COL7Al1 genAmong the Six
insertion/deletion frameshift mutations, 5 framésimutations are out-of-
frameshift mutations and result in downstream PHGwever, 6246del27 is
in-frameshift mutation, which results in the dedetiof 9 amino acid
sequences. We found 5 GS and 5 alternative spéicialy GS are located in
collagenous domain. In spite of complete sequenahghe all exonic
sequences including exon-intronic border, we caudd detect pathogenic
mutation in 3 RDEB patients. In these cases, thetmoms could reside in the
intron or outside the coding regions, such as tioenpter region which was
not analyzed in this study.

We investigated the genotype-phenotype correlatiagach type of DEB. At
first, we found 4 distinct mutations in 4 DDEB patis. Three of them are GS
in the exon 73 (G2043R, G2034R), and the otheri®i@@2300R. G2043R is
known to be a recurrent mutation in the DDEBand is also detected
recurrently in our case. Another GS, G2034R, i® atported previously in
DDEB?*?, Interestingly, the substitution of glycine withugamic acid® or
typtophari® at the same amino acid position was reported irEBRase.
Furthermore, a mutation at the same codon, G20@84k, found in RDEB
patient in this study, which does not affect anertype in the parents.
Tryptophan is smaller than arginine or glutamicda@ind seems to be less
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destabilizing effect to type VII collagen assemb¥ich may account for the
silent mutation of G2034E. Similar examples wengoréad at the amino acid
position 2028 and 2623. The mutation G2028R has betected in a patient
with DDEB pruriginosa and a family with toenail dyaphy without skin
fragility, while the mutation G2028A has been inoplied in a family with
classic DDEB’?® Similar reports showed the mutation G2623&nd
G2623C° in families with RDEB and pretibial form of DDEBespectively.
The last mutation in DDEB, Q2300R, is non-GS withire collagenous
region. Patients with DDEB usually harbour GS miote within the
collagenous region of collagen VII. So far, onlymttations other than GS
have been reported in the literature. Of these,44@8>C', 6899A>G
(Q2300Rj* and 8045A>& were missense mutation, which all result in the
cryptic splicing. The others were gross deletiontatian, 6847del2%,
6863del18°, 6081del2& and 8068del17inGR

There were two patients with mitis type RDEB, whicthowed
G1964C/682+1G>A and R1933X/341G>T (G114V) comboratmutations.
The last mutation, G114V, is previously reportedtation as a splicing
mutation that results in deletion of 87bp in thewollagenous domaih It
has been known that the splicing mutation resulteilder phenotype. It is
because the spicing mutation allows the syntheflsia oertain quantity of
normal chains and the consequent assembly of Iharfiectional type VII
collageri”®

Among 14 RDEB patients, seven patients were d¢ladsas moderate
severe RDEB, and 4 patients as HS-RDEB (Tablendihé moderate severe
RDEB mutations, 81.8% were PTC-causing mutations, nonsense
mutations or out-of-frame mutations. In the HS-RDfaBtations, 77.8% were
PTC-causing mutations, which was similar proportwith the moderate
severe RDEB. However, the position of PTC-causingation did not show
any correlation between genotype and phenotypehé&umore, we cannot
find any genotypic differences between the two $ypERDEB to explain the
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difference of their phenotype. Among the non-PTGstag mutations,
glycine substitution mutations were found in 3 @ats, and splicing site
mutation was found in one patient. The glycine Suli®n mutations of
moderate severe RDEB or HS-RDEB differ from thatrofis type RDEB in
that their location is relatively adjacent to thiege domain, exon 73 and exon
82. The splicing site mutation in HS-RDEB, 1094-¥G>»esults in in-frame
skipping of exon 9. The splicing site mutationsnnitis type RDEB were
682+1G>A and 341G>T, which result in downstream Pai@ in-frame
deletion of 87 bp, respectively. However, 682+1G¥kad a glycine
substitution mutation on the other allele, whichymexplain its milder
phenotype. The latter mutation, 341G>T, also resultin-frame deletion as
1094-1G>A does. However, The smaller size of datepart, 87 bp rather
than 147 bp in the case of HS-RDEB, may explaimitder phenotype.

Table 4. Summary of genotype and phenotype of théems with
moderate severe RDEB and HS-RDEB

phenotype mutation Effect

8 moderate Q1211X not detected PTC

9 | severe RDEB 242delCA not detected PTC

10 R1730X not detected PTC

11 G2204S R669X GS PTC
12 R669X E2857X PTC PTC
13 2645del4 E2857X PTC PTC
14 G2204S S1689X GS PTC
15 HS-RDEB G2034E E2857X GS PTC
16 G798R Q1286X PTC PTC

2621insGCTTC PTC

17 R578X 2063delC PTC PTC
18 8291delGA 1094-1G>C PTC exon skipping
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This study included one patient (patient 5) wittereariant of DEB, TBDN,
characterized by transient blistering which mangest birth or soon after,
usually with marked improvement or even resoluiioithe first few months
to years of life. So far, there are 3 reports anitfication of pathogenic
mutations. One case involves a patient with comgdweterozygosity for two
glycine substitution mutations, G1519D and G2281Ehristiano et al.
identified a dominant acceptor splice site mutaiionintron 35, 4120-G>C,
which results in in-frame skipping of exon*36The last report describes a
dominant heterozygous glycine substitution mutati®h522E'. The TBDN
patient here described was a compound heterozygo&e2392G>A (G798R)
splicing site mutation and 6246del27 in-frame shki#etion mutation. We
could not find any common feature of the genotypthe patients with TBDN,
although the splicing site mutation of this caseld@meliorate the phenotype.
Hammami-Hauasli also described that transitorytdaisg in TBDN has
possibly more to do with the quantity rather tham quality of the collagéh

We found out 5 different recurrent mutations, R662%92G>A (G798R),
G2043R, G2204S and E2857X, which account for apprately 30% of
DEB alleles in Korean patients. Especially, E2858Xeported in Japanese
study in DEB patient as an ethnic-specific recurnautatiort®*2 Another
recurrent mutation, R578X, has been reported toaheethnic-specific
recurrent mutation, exclusive to British patiéntsMurata et af? also
demonstrated the absence of the recurrent mutR&8X in 42 non-British
patients, mainly Asian. However, the mutation study our patient
demonstrated that the R578X mutation is not exeduso British patients.
Among the 5 recurrent mutations in our study, G798R novel mutation,
which seems to be an ethnic specific mutation irreldo DEB patients.
However, it has limitation to interpret due to 8mall number of patients.

In computational analysis, we found the Ri changd® distinct mutations
(Table 3). We reevaluated them to choose the noasthat have changed the
Ri enough to make a cryptic splicing site or albotise original splicing site.

21



Among the 10 mutations, 1094-G>C, 2392G>A (G798BB99A>G
(Q2300R), 341G>T (G114V), 682+1G>A show signific&titchanges. The
mutations, 341G>T (G114V), 682+1G>A, 6899A>G, wepeeviously
reported as a splicing site mutation. The mutati@884-1G>A and 2392G>A,
are the novel splicing site mutation. In the cas&0894-1G>A, the mutation is
predicted to abolish natural acceptor site of eqRi decreases from 9.5 to
1.9 bits) resulting in skipping of exon 9, whichsyaroven in the cDNA level
(Figure 2B, Figure 4). The mutation, 2392G>A, dlstuces cryptic splicing.
Ri of natural donor site of exon 18 (8.04) is nbawrged, whereas Ri of
cryptic donor site located 52 upstream of natuitaliacreases 5.5 to 8.0 bits.
As a consequence, 52 bp nucleotides were deleteddxon 18 in the out-of-
frame pattern, which resulted in PTC in exon 19Fé 5). The mutation,
2392G>A, was detected in two opposite phenotypanstent bullous
dermolysis of newborn (patient 5) and HS-RDEB (gattil6). As mentioned
above, the spicing mutation allows the synthesisaofertain quantity of
normal chains and the consequent assembly of Iharfiectional type VII
collagen. In the patient 5, we could also deteth Ibmrmal splicing sequence
and cryptic splicing one, which was confirmed byedt sequencing of RT-
PCR product (Figure 3A, B). This may account fa #pontaneous healing or
mild phenotype in the patient with transient buiaiermolysis of newborn.
By contrast, we detected 3 mutations in the patiéntvith HS-RDEB, two
maternal mutations (2392G>A, 2621insGCTTC) and paternal mutation
(Q1286X). Two maternal mutations, 2392G>A and 268GCTTC, induce
downstream PTCs in exon 19 and 20, respectivelythéncase of cryptic
splicing at the site of 2392G>A, PTC appears inne%8. By the way, PTC
appears in exon 20 with normal splicing due tortheation 2621insGCTTC.
Therefore, even if the COL7Al gene escape crygiliiag at the site of
2392G>A, it should meet the mutation, 2621insGCTTBjch results in
downstream PTC (Figure 4). Consequently, 3 mutatinrpatient 16 result in
severe phenotype. After all, we found 5 splicirtg sihutations, which involve
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20% (6 alleles) of total 30 pathogenic mutationBisTresult is similar with
previous reports in human diseag@5%) and inCOL7A1® (17%). In this

study, we performed computational tools, which aacurately predict cryptic
splicing as previously report&d

Normal

K Cyon 9 (49AA) K £xon 10

1094-1G>A

Figure 4. Schematic illustration of alternative splicing due to the
mutation 1094-1G>A The mutation 1094-1G>A abolishes natural acceptor
site of exon 9 (Ri decreases from 9.5 to 1.9 lbésplting in skipping of exon

9 (49 amino acid sequences).

Normal

EXxon 18 TGGGTAGGG Exon 19 Exon 20

y g
TGG GT AAGG Bl GCG GCC CCA TGA 2621insGCTTC

—Stop in exon 19

o

2392G>A
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Figure 5. Schematic illustration of alternative splicing due to the
mutation 2392G>A The mutation 2392G>A (arrow) induces cryptic spiici
at the site of 52bp upstream from normal spliciig, svhich results in out-of-
frame shift and PTC in exon 19, consequently. EW¥eh undergo normal
splicing, there is another mutation, 2621inGCTT @atient 16.

Comparing with other ethnic report of DEB, Koreaatipnts with DEB
seem to have relatively small number of patients WiS-RDEB. There are
only 4 patients with HS-RDEB among 14 RDEB (28.6®8y. contrast, the
patients with HS-RDEB were reported with highergaion in the Italian
populatiort” (55.1%), the report of Hovnanian ef*s86.7%) and the report
of Kern et al’ (83.8%). It seems that the Korean culture of unoom
consanguineous marriage in Korea may be one cdusweall number of the
patients with HS-RDEB. Actually, there is no homgays mutation in this
study, which may be due to non-consanguineous agariln Japanese study,
we could find similar phenomenon. There was no hgmosity, and there
were only 6 patients with HS-RDEB among 16 patievitt RDEB (37.5%.
The studies with Caucasian population, by contraebw much higher
proportion of homozygosity: 22.4% in Italian stdfy40% in the report of
Hovnanian et &F; 37.8% in the report of Kern et'alThus, less frequent HS-
RDEB can be a characteristic of Asian DEB. We caubd find any other
difference in the pattern of genotype in the pasiemith Korean DEB from
other ethnic group.

In conclusion, we performed mutational analysis18f distinct Korean
DEB families, and demonstrated 30 pathogeDi@l 7A1 mutations among
total 33 alleles. This study included the compotal analysis that predicts
cryptic splicing successfully. This is the firstrda mutational analysis of
patients with Korean DEB. However, one of the lati@ins of this study is the
small number of patients. Since Christiano €f.dhad demonstrated a
missense mutation IBOL7AL in two affected siblings with RDEB, more than
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300 mutations have been reported now. From thetifabeion of an

increasing number of mutations, some general geegdihenotype
correlation has been drawn. Moreover, elucidatio@@L7A1 mutations is of
immediate clinical benefit in assisting clinicalagnosis and in improving
genetic counseling, and also provides new insighits type VII collagen

biology and helps determine potential strategiesiéver forms of treatment,
including gene therapy.
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V. CONCLUSION

We performed mutational analysis of 18 distinct é&or DEB families. We
sequencedCOL7A1 segments including all 118 exons and all exorsimtr
borders, and demonstrated 30 pathog@@t.7A1 mutations among total 33
alleles. We also performed the computational aimlys predict cryptic
splicing, and confirmed the result by RT-PCR. Tammary of the results are
described below.

1. The result demonstrated 30 pathoge®fal 7A1 mutations among total
33 alleles with an overall mutation detection svigi of 90.9%. We
found out total 24 kinds of COL7A1 mutation inclodi 10 novel
mutations: 242delCA, 1094-1G>C, 2063delC, 2392G>@798R),
2621insGCTTC, 2645del4, Q1286X (3856C>T), G1694Q8(E>>T),
6246del27, 8291delGA.

2. The mutations of DDEB families were 3 GS (all ire thollagenous
domain, exon 73) and 1 alternative splicing, arms¢hof mild RDEB
result from alternative splicing/GS, alternativdigpg/PTC. Most of
mutations observed in moderate severe RDEB and BiSERare PTC-
causing mutations, which did not show any diffeeermetween two

groups. This study also included 1 patient witheraariant of DEB,
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transient bullous dermolysis of newborn, which wasmpound
heterozygote for G798R and 6246del27.

3. Inthe computational analysis, 1094-G>C, 2392G>A9&R), 6899A>G
(Q2300R), 341G>T (G114V) and 682+1G>A show sigalific Ri
changes, which were confirmed in previous repartsyoRT-PCR in this
study.

4. We found out 5 different recurrent mutations, R6692392G>A
(G798R), G2043R, G2204S and E2857X.

5. Comparing with other ethnic report of DEB, Koreatignts with DEB
seem to have relatively small number of patienth W HS-RDEB and
homozygosity.

In conclusion, this is the first large mutationalabysis of patients with
Korean DEB. Furthermore, we performed the componali analysis to
predict cryptic splicing successfully. This studifl wrovide clinical benefit in
assisting clinical diagnosis and in improving genepbunseling, as well as

provide new insights into the genotype-phenotypeetation in DEB patients.

27



REFERENCES

Burgeson RE, Christiano AM. The dermal-epiderjuattion. Curr Opin
Cell Biol 1997;9:651-658.

Christiano AM, Hoffman GG, Chung-Honet LC, LeeC®eng W, Uitto J,
et al. Structural organization of the human typd ¥oéllagen gene
(COL7AL), composed of more exons than any previously chenized
gene. Genomics 1994;21:169-179.

Christiano AM, Greenspan DS, Lee S, Uitto J. @lgrof human type VII
collagen. Complete primary sequence of the alphdl)lchain and
identification of intragenic polymorphisms. J Bidhem 1994;269:20256-
20262.

Bruckner-Tuderman L, Hopfner B, Hammami-Hauasli Biology of
anchoring fibrils: lessons from dystrophic epidelyss bullosa. Matrix
Biol 1999;18:43-54.

Hovnanian A, Hilal L, Blanchet-Bardon C, de Pr¥stChristiano AM,
Uitto J, et al. Recurrent nonsense mutations withintype VIl collagen
gene in patients with severe recessive dystrophigeemolysis bullosa.
Am J Hum Genet 1994:55:289-296.

Christiano AM, Ryynanen M, Uitto J. Dominant dggthic epidermolysis
bullosa: identification of a Gly>Ser substitution the triple-helical
domain of type VIl collagen. Proc Natl Acad Sci UASL994;91:3549-
3553.

Krawczak M, Reiss J, Cooper DN. The mutationacspim of single
base-pair substitutions in mMRNA splice junctionshofnan genes: causes
and consequences. Hum Genet 1992;90:41-54.

Whittock NV, Ashton GH, Mohammedi R, Mellerio JEathew CG,
Abbs SJ, et al. Comparative mutation detectionesing of the type VII
collagen gene GOL7A1) using the protein truncation test, fluorescent

28



10.

11.

12.

13.

14.

15.

16.

17.

18.

chemical cleavage of mismatch, and conformationsitea gel
electrophoresis. J Invest Dermatol 1999;113:673-686

Nakai K, Sakamoto H. Construction of a novel base containing
aberrant splicing mutations of mammalian genese@894;141:171-177.
Nalla VK, Rogan PK. Automated splicing mutati@nalysis by
information theory. Hum Mutat 2005;25:334-342.

Schneider TD. Sequence walkers: a graphicahodeto display how
binding proteins interact with DNA or RNA sequendsscleic Acids Res
1997;25:4408-4415.

Uitto J. Epidermolysis bullosa: the expandingatian database. J Invest
Dermatol 2004;123:xii-xiii.

Wessagowit V, Kim SC, Woong Oh S, McGrath JAn@Ggpe-phenotype
correlation in recessive dystrophic epidermolysidsa: when missense
doesn't make sense. J Invest Dermatol 2005;1248663-

Kim J, Kim SC, Yasukawa K, Shimizu H. Compouredeinozygosity for
premature termination codon and glycine substitutioutations in the
COL7A1 gene in Korean siblings with a moderatelyese phenotype of
recessive dystrophic epidermolysis bullosa. J Davhaci 2003;33:180-
183.

Mellerio JE, Dunnill MG, Allison W, Ashton GH,h@stiano AM, Uitto J,
et al. Recurrent mutations in the type VII collaggene COL7Al) in
patients with recessive dystrophic epidermolysidlosa. J Invest
Dermatol 1997;109:246-249.

Salas-Alanis JC, Amaya-Guerra M, McGrath JA. fiwdecular basis of
dystrophic epidermolysis bullosa in Mexico. Int @rhatol 2000;39:436-
442.

Gardella R, Castiglia D, Posteraro P, BernarlinZoppi N, Paradisi M,
et al. Genotype-phenotype correlation in Italiatiggas with dystrophic
epidermolysis bullosa. J Invest Dermatol 2002;1496:1462.

Sawamura D, Goto M, Yasukawa K, Sato-Matsumyrdakamura H, Ito

29



19.

20.

21.

22.

23.

24.

25.

K, et al. Genetic studies of 20 Japanese familiésdgstrophic
epidermolysis bullosa. J Hum Genet 2005;50:543-546.

Kern JS, Kohlhase J, Bruckner-Tuderman L, HasEfpanding the
COL7A1 mutation database: novel and recurrent mutatiows teusual
genotype-phenotype constellations in 41 patientgsh wilystrophic
epidermolysis bullosa. J Invest Dermatol 2006;1266:1012.

Csikos M, Szocs HI, Laszik A, Mecklenbeck S, o A, Karpati S, et
al. High frequency of the 425A>G splice-site mugatiand novel
mutations of the COL7A1 gene in central Europenisicance for future
mutation detection strategies in dystrophic epiddysis bullosa. Br J
Dermatol 2005;152:879-886.

Mellerio JE, Salas-Alanis JC, Talamantes ML, rHéf, Tidman MJ,
Ashton GH, et al. A recurrent glycine substitutimatation, G2043R, in
the type VII collagen gene COL7Al) in dominant dystrophic
epidermolysis bullosa. Br J Dermatol 1998;139:73@-7

Chen X, Li G, Zhu X. Study on COL7Al1 gene muatiin a
epidermolysis bullosa pruriginosa family. Zhonghyia xue za zhi
2000;80:869-871.

Kon A, Nomura K, Pulkkinen L, Sawamura D, Hagbtionl, Uitto J.
Novel glycine substitution mutations @OL7A1 reveal that the Pasini
and Cockayne-Touraine variants of dominant dysim@pidermolysis
bullosa are allelic. J Invest Dermatol 1997;109:68%.
Hammami-Hauasli N, Schumann H, Raghunath M, usil@, Luthi U,
Luger T, et al. Some, but not all, glycine subsiiu mutations in
COL7A1 result in intracellular accumulation of collagerl,Voss of
anchoring fibrils, and skin blistering. J Biol Chér98;273:19228-19234.
Wessagowit V, Ashton GH, Mohammedi R, Salas-Alax@, Denyer JE,
Mellerio JE, et al. Three cases of de novo domindpstrophic
epidermolysis bullosa associated with the mutaG@943R inCOL7AL.
Clin Exp Dermatol 2001;26:97-99.

30



26.

27.

28.

29.

30.

31.

32.

33.

Rouan F, Pulkkinen L, Jonkman MF, Bauer JW, GderkFriedman PB,
Christiano AM, et al. Novel and de novo glycine stitiition mutations in
the type VII collagen geneCQOL7A1) in dystrophic epidermolysis
bullosa: implications for genetic counseling. J dstv Dermatol
1998;111:1210-1213.

Nakamura H, Sawamura D, Goto M, Sato-Matsum@allaDuca J, Lee
JY, et al. The G2028R glycine substitution mutaiioiCOL7Al leads to
marked inter-familiar clinical heterogeneity in dioent dystrophic
epidermolysis bullosa. J Dermatol Sci 2004;34:108:2

Murata T, Masunaga T, Shimizu H, Takizawa Y,KshA, Hatta N, et al.
Glycine substitution mutations by different amirwds in the same codon
of COL7Al lead to heterogeneous clinical phenotypes of dantin
dystrophic epidermolysis bullosa. Arch Dermatol R660;292:477-481.
Sawamura D, Mochitomi Y, Kanzaki T, NakamuraSHimizu H. Glycine
substitution mutations by different amino acidstla¢ same codon in
COL7Al cause different modes of dystrophic epidermolysiglosa
inheritance. Br J Dermatol 2006;155:834-837.

Christiano AM, Lee JY, Chen WJ, LaForgia S, d&Jitl. Pretibial
epidermolysis bullosa: genetic linkageG@GOL7AL and identification of a
glycine-to-cysteine substitution in the triple-loali domain of type VII
collagen. Hum Mol Genet 1995;4:1579-1583.

Christiano AM, Fine JD, Uitto J. Genetic basisdominantly inherited
transient bullous dermolysis of the newborn: acgp$iite mutation in the
type VIl collagen gene. J Invest Dermatol 1997;809:814.

Jiang W, Bu D, Yang Y, Zhu X. A novel spliceesihutation in collagen
type VII gene in a Chinese family with dominant ulgphic
epidermolysis bullosa pruriginosa. Acta Derm Venk902;2:187-191.
Kon A, Pulkkinen L, Ishida-Yamamoto A, HashimdidJitto J. Novel
COL7A1 mutations in dystrophic forms of epidermolysislbsé. J Invest
Dermatol 1998;111:534-537.

31



34.

35.

36.

37.

38.

39.

40.

41.

Sakuntabhai A, Hammami-Hauasli N, Bodemer C,hRb@, Prost C,
Barrandon Y, et al. Deletions withit€COL7Al exons distant from
consensus splice sites alter splicing and prodobcgened polypeptides in
dominant dystrophic epidermolysis bullosa. Am J Hu@®enet
1998;63:737-748.

Mellerio JE, Ashton GH, Mohammedi R, Lyon CC,iiB, Harman KE,
et al. Allelic heterogeneity of dominant and reces€OL7A1 mutations
underlying epidermolysis bullosa pruriginosa. J elsiv Dermatol
1999;112:984-987.

Sawamura D, Nizeki H, Miyagawa S, Shinkuma Sm&t H. A novel
indel COL7A1 mutation 8068dell7insGA causes dominant dystrophic
epidermolysis bullosa. Br J Dermatol 2006;154:993-9

Gardella R, Zoppi N, Zambruno G, Barlati S, @ubd M. Different
phenotypes in recessive dystrophic epidermolysilodai patients sharing
the same mutation in compound heterozygosity with novel mutations
in the type VII collagen gene. Br J Dermatol 20@Z;450-457.

Terracina M, Posteraro P, Schubert M, Sonegot£griAF, Zambruno G,
et al. Compound heterozygosity for a recessiveiiggysubstitution and a
splice site mutation in the COL7A1 gene causesrarswally mild form
of localized recessive dystrophic epidermolysiddsal. J Invest Dermatol
1998;111:744-750.

Hammami-Hauasli N, Raghunath M, Kuster W, Brieckfuderman L.
Transient bullous dermolysis of the newborn assediavith compound
heterozygosity for recessive and domin@@L7A1 mutations. J Invest
Dermatol 1998;111:1214-1219.

Christiano AM, Fine JD, Uitto J. Genetic basisdominantly inherited
transient bullous dermolysis of the newborn: acgp$ite mutation in the
type VIl collagen gene. J Invest Dermatol 1997;809:814.

Fassihi H, Diba VC, Wessagowit V, Dopping-Hepan®J, Jones CA,
Burrows NP, et al. Transient bullous dermolysighe newborn in three

32



42.

43.

44.

generations. Br J Dermatol 2005;153:1058-1063.

Murata T, Masunaga T, Ishiko A, Shimizu H, Nistwa T. Differences in
recurrentCOL7AL mutations in dystrophic epidermolysis bullosaneth
specific and worldwide recurrent mutations. Arch riatol Res
2004;295:442-447.

Hovnanian A, Rochat A, Bodemer C, Petit E, Riv@A, Prost C, et al.
Characterization of 18 new mutationsG@OL7AL in recessive dystrophic
epidermolysis bullosa provides evidence for distinmolecular
mechanisms underlying defective anchoring fibriiniation. Am J Hum
Genet 1997;61:599-610.

Christiano AM, Greenspan DS, Hoffman GG, Zhanda¢nai Y, Lin AN,
et al. A missense mutation in type VII collagentwo affected siblings
with recessive dystrophic epidermolysis bullosat Ganet 1993;4:62-66.

33



Abstract (In Korean)

3 lG¥Y £TH TI%AZF FRAMY A VI G
g §34 Sl B4

olgd ¥ ¥ A F vt S (dystrophic epidermolysis bullosa] 3t
DEB)Z Al VIIE F&hzle] f4#1 COL7ALS] =R olo] o8 i
A AA fr(anchoring fibrilpll ZAgto] A kst ATl = HA FE7}
FA = Aslolt} COL7ALS 32kbe] 7= 118709 9 (exon)
2 FAE don Qe v FHAEANE TPE & Aol th
A vy ZAe F99 collagenous domair ¥ZE o} 7]

(amino) % JFEEA]7](carboxy) BT ©°]F+ non-collagenous

e gYoR FAN, dwHoR 9YY 4 o}
Hoz v A% YIS AR ge FANNL 2E

947 L FRA we} s AYPLE ve

2 A%

4 =2 U =
otk Yl 44Y DEB F A% YHPIL mol:
=

41 e Ho o K
=2
>
1
f
9
2
o
L g

PTCP] & W, Ao collagenous domaii glycine X3
=AW (glycine substitution, GF Hol= A7 ¥rh @A7HA
30071 ©]4Fe] COL7AL Ed®ol7t HauEglont ofd AZse

34



- 59

A FHED Qo= gl AA ol

= WHI(FHEE a7, €483 1HA)E tde
33N tP-FAA(E 7HAIA 3] EdWe]
Z3holA 3071e] EdWolE st 90.9%] WHE&S KT
T 247149 EARo]l T 7]Eel HiHA g2 AERE Aol
10714 9o™, PTC &H, insertion/deletion &, GS %I, alternative
splicing 1%t g2 o2 UElte &AW ol (recurrent mutatiody
R669X, G798R, G2043R, G2204S, E2857%. ™ # A &Aool 30%
E AAsET A" 7 Eddolo] tisiA COL7A1 mRNAS]
splicingell that JaS Lolr 7] 93f in silico studyg A3} 0™
donor =2 acceptor site] Ri #k2] W37} 1070 AZF Ao} 1070
o] EdwWololA Ri Fel freld WEE 1094-G>C, 2392G>A
(G798R), 6899A>G (Q2300R), 341G>T (G114V), 682+1&+A67 o] 4]
UESTE el mE Edold e v Zokth 48 9
SAFNA 370 GSY 1709 alternative splicing: A&t A
gol AL JAFAS 75 (mitis or mild), 5% (moderate severeys
% (Hallopeau-Siemens or sevefelr UTolS Wl AFoAE
alternative splicing/GS, alternative splicing/PHICT 47} A% 31, 55
s 2 T5oAAE PTCL 7 Wol #ZEHATt 194 Transient
bullous dermolysis of newbofh ¥7dSd<s BEelom Aol €4
o2 G798R/6246del29] Z 3ol Slt).

Al 5]

=

ke

3

=51

vk 5, COL7AL, =4 o], 3=

rr

w0l gy 4

o &

35



	Table of Contents
	ABSTRACT
	I. INTRODUCTION
	II. MATERIALS AND METHODS
	1. Subjects
	2. Mutational analysis
	A. DNA samples
	B. Polymerase chain reaction (PCR) amplication
	C. DNA sequence analysis
	D. RNA extraction and RT-PCR analysis

	3. Computational analysis

	III. RESULTS
	1. Clinical findings
	2. Mutational analysis
	A. COL7A1 mutation survey
	B. RT-PCR analysis

	3. Computational analysis

	IV. DISCUSSION
	V. CONCLUSION
	REFERENCES
	ABSTRACT IN KOREAN

