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SUMMARY

Epidermolysis bullosa simplex (EBS) is a group of epidermolysis bullosa (EB) and accounts for

75-85% EB cases. Most EBS patients are caused by mutations in KRT5 or KRT14, encoding for
keratin 5 and keratin 14, respectively, which impair the structural entirety of paired intermediate
filaments expressed in the fracture of basal keratinocytes and subsequent blistering of the epithelium.
This study aimed to identify the causative mutation in a Vietnamese EB case. Whole exome
sequencing (WES) was performed in the affected individual and revealed a de novo heterozygous
pathogenic mutation in exon 7 of KRTS gene, resulting in an amino acid change at position 477, with
glutamic acid to lysine substitution (p.E477K). The KRT5 p.E477K was strong associated with the
very severe or lethal of generalized severe EBS (GS-EBS), characterized by the severe symptoms at
birth, improving with age and evolution to palmoplantar keratoderma and nail dysplasia. Our finding
will aid the molecular diagnosis, prognosis prediction of the patient with GS-EBS due to p.E477K
and significant genetic counselling the family concerning the recurrence risk for future pregnancies.
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INTRODUCTION

Epidermolysis bullosa (EB) is a rare
inherited disorder characterized by mechanical
fragility of epithelial lined or surfaced tissues.
Four major EB types have been described based
on the certain layer in which the blisters form.
Epidermolysis bullosa simplex (EBS) represents
the most common EB type (75-85% of all cases).
EBS typically affects hands and feet with blister
formation first occurs within the basal
keratinocytes. EBS is mainly associated with
mutation in keratin encoding genes KRT5 and
KRTI14 resulting in dominantly inherited pattern.
Other genetic mutations were found in genes
encoding hemidesmosomal proteins such as

plectin (PLEC!) and dystonin (DST), leading to
recessive inherited pattern. The EXPHS gene,
which encodes for exophilin 5 is also implicated
in EBS. Furthermore, mutations in KLHL24 and
CDI151 genes, which expressed in increased
keratin 14 degradation and the basolateral
surface of basal keratinocytes within the
hemidesmosomes, respectively, are also
contribute to EBS (Bardhan et al, 2020).
Junctional epidermolysis bullosa (JEB) is a
subtype with autosomal recessive inheritance
and is characterized by the blisters within the
lamina lucida of the basement membrane zone.
In JEB, laminin coding genes are mutated
(LAMA3, LAMB3, LAMC?2). Additionally, it had
been reported that mutations in genes encoding
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for B4 integrin and a6 integrin chains (/7GB4 and
ITGA6 genes) could cause JEB with pyloric
atresia (Georges-Labouesse et al., 1996; Vidal et
al., 1995). Dystrophic epidermolysis bullosa
(DEB) is a subtype inherited in autosomal
recessive or dominant manner, which caused by
mutations in collagen type VII coding gene
COL7A1, and the separation of tissue happens in
the dermis layer. Finally, Kindler syndrome is
the fourth major EB subtype, inherited in
autosomal-recessive manner, is a subtype of EB
with loss of function mutations in FERMTI
encoding kindlin-1. Kindlin-1 is a component of
adhesion contacts in basal keratinocytes,
periodontal tissue and colon (Bardhan et al,
2020; Fine et al, 2014). Here, we report a
Vietnamese patient with EBS causing by a de
novo mutation in the KRTS5 gene.

CASE DESCRIPTIONS

The patient was a 3-year-old boy with a
clinical diagnosis of EB in healthy

(A)
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nonconsanguineous Vietnam parents, recruited
from Vietnam Military Medical University.
Written informed consent was obtained from all
family members before sample collection. This
study was approved by the Institute of Genome
Research Institutional Review Board, Vietnam
Academy of Science and Technology. The
patient’s birth weight was 2.9 kg in the full term
of gestational age and presented with severe
lesions including peeling skin on limbs (Figure
1A and 1B) and widespread blisters, erosions in
the body. In 14 days after birth, the level of
lesions increased in two legs and signed of
necrosis with smelly. However, his lesions
gradually improved by taking well care with a
bandage, clean properly and skin moisturizing.
The syndactyly of fingers was seen and had to
bandage for separation. The extent of these
lesions improved over time, with primarily
involving areas of friction (Figure 1C). The
development of nail dystrophy in two index
fingers and toes, and moderate palmoplantar
keratoderma were observed around 6 years old.

Figure 1. Clinical features of Viethamese EBS patient. Infant presented with generalized bullae, erosions in arms
(A) and the peeling skin in legs (B). The improvement with age was observed and patient presented with fewer

and milder lesions (C).
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Figure 2. (A) Pedigree chart of the family with a GS-EBS case. Black/white represent patient/not affected
individuals. Square and circle show male and female members. (B) Electropherogram of the patient (I1.1) with a
KRT5 heterozygote, which was not inherited from the parent (1.1 and 1.2). Mutated/wild-type (wt) nucleotides
were marked with red/blue arrows. (C) The amino acid substitutions at the second glutamic acid residue
(p.E477K) which was located in the most evolutionarily conserved KLLEGE motif among all types of intermediate

filament proteins were marked with a red arrow.

In this study, whole exome sequencing
(WES) in the affected individual was used for
mutation identification (Figure 2A). Library
construction was performed using Sure Select
V6-Post (Agilent Technologies, Santa Clara,
California, USA) and sequencing followed by
[llumina platform (Illumina, San Diego, CA,
USA) with paired reads of 150 bp. The raw
sequencing data was over 8.7G, the base Q30
ratio greater than 90%, and the 20x sequencing
depth was more than 90% of bases. WES
analysis revealed a heterozygous variant of
c.1429G>A in exon 7 of the KRTS5 (NM_000424)
gene, leading to the substitution of glutamic acid
to lysine (p.E477K). This variant corresponded

to 159190510 in the dbSNPs build 155, but the
allele frequency was zero. Additionally, the
c.1429G>A was described as pathogenic in
ClinVar (VCV000021174.4) with at least 12
reported cases. Verification by Sanger
sequencing also showed the same result in the
proband, and the parents have not carried the
mutation (c.1429G>A) (Figure 2B).

DISCUSSION
EBS is a heritable disorder most commonly
caused by autosomal dominant mutations in

genes of basal cell keratin (KRT5 and KRT14),
with either of mutation in these genes result in
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altered proteins, causing instability of the
cytoskeletal structure and blistering at pressure
sites (Coulombe and Lee 2012; Homberg and
Magin 2014). Various subtypes of EBS are
identified, from localized to generalized severe
(GS) of skin fragility with increase of severity
(Fine et al., 2014).

In this case, the patient was diagnosed with
EB since birth with severe lesions, however, he
tends to be improved over time with milder
lesions in the present (Figure 1C). The genetic
analysis revealed a de novo heterozygote KRTS
gene (c.1429G>A) in the proband, leading to the
substitution of the conserved glutamic acid by
glycine acid (p.E477K). Until now, four
missense mutations at codon 477 in KRTS
transcription associating to differ severity in
phenotype have been found, with p.E477G
results in localized EBS, while p.E477D,
p.E477K and p.E477* cause GS-EBS (Hamada
et al., 2005; Kim et al., 2017; Lalor et al., 2019;
Miiller et al., 1999; Sathishkumar et al., 2016;
Schumann et al., 2012; Wertheim-Tysarowska et
al., 2016). The p.E477K mutation was high
associated with mortality in  GS-EBS
(Sathishkumar et al., 2016), which was reported
to at least seven cases died within the first six
months of life (Kim et al., 2017; Komori et al.,
2018; Lalor et al., 2019; Sathishkumar et al.,
2016). The severe phenotype causing by
p.E477K would be explained by the substitution
of acidic glutamate with a basic lysine residue
that alters the second glutamate residue of the
most evolutionarily conserved KLLEGE motif at
the end of the 2B domain in the central alpha-
helical rod, leading to severely disrupts basal
keratin intermediate filaments (Lalor ez al., 2019;
Stephens et al, 1997). Despite the p.E477K
predispose to a severe and potentially fatal
phenotype of GS-EBS, survivals were also
reported. The living cases with severe blisters in
childhood were ameliorated when they increase
in age and often evolution to palmoplantar
keratoderma and nail dysplasia (Kim et al., 2017;
Komori et al., 2018; Sathishkumar et al., 2016).
The clinical of patients in this study were
followed the observation of survived EBS due to
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KRT5 p.E477K.

In conclusion, the p.E477K de novo mutation
was firstly identified in Vietnamese GS-EBS. A
precise genetic diagnosis, in this case, could
provide an additional scientific  basis,
prognostication for the affected child, and
genetic counseling the family for future
pregnancies.

Acknowledgment: We are thankful to all
patients and their families for agreeing to
participate in this study. This research is funded
by Vietnam National Foundation for Science and
Technology Development (NAFOSTED) under
grant number 108.02-2019.05.

REFERENCES

Adzhubei [A, Schmidt S, Peshkin L, Ramensky VE,
Gerasimova A, Bork P, Kondrashov AS, Sunyaev SR
(2010) A method and server for predicting damaging
missense mutations. Nat Methods 7(4): 248-9.

Bardhan A, Bruckner-Tuderman L, Chapple ILC,
Fine JD, Harper N, Has C, Magin TM, Marinkovich
MP, Marshall JF, McGrath JA, Mellerio JE, Polson R,
Heagerty AH (2020) Epidermolysis bullosa. Nat Rev
Dis Primers 6(1): 78.

Coulombe PA ,Lee CH (2012) Defining keratin
protein function in skin epithelia: epidermolysis
bullosa simplex and its aftermath. J Invest Dermatol
132(3 Pt 2): 763-75.

Fine J-D, Bruckner-Tuderman L, Eady RAJ, Bauer
EA, Bauer JW, Has C, Heagerty A, Hintner H,
Hovnanian A, Jonkman MF, Leigh I, Marinkovich
MP, Martinez AE, McGrath JA, Mellerio JE, Moss C,
Murrell DF, Shimizu H, Uitto J, Woodley D,
Zambruno G (2014) Inherited epidermolysis bullosa:
Updated recommendations on diagnosis and
classification. J Am Acad Dermatol 70(6): 1103-
1126.

Georges-Labouesse E, Messaddeq N, Yehia G,
Cadalbert L, Dierich A, Le Meur M (1996) Absence
of integrin a6 leads to epidermolysis bullosa and
neonatal death in mice. Nature Genetics 13: 370.

Hamada T, Kawano Y, Szczecinska W, Wozniak K,
Yasumoto S, Kowalewski C, Hashimoto T (2005)
Novel keratin 5 and 14 gene mutations in patients with



Vietnam Journal of Biotechnology 19(2): 223-228, 2021

epidermolysis bullosa simplex from Poland. Arch
Dermatol Res 296(12): 577-9.

Homberg M ,Magin TM (2014) Beyond expectations:
novel insights into epidermal keratin function and
regulation. Int Rev Cell Mol Biol 311:265-306.

Hu J ,Ng PC (2013) SIFT Indel: predictions for the
functional effects of amino acid insertions/deletions
in proteins. PloS one 8(10): e77940.

Kim EN, Harris AG, Bingham LJ, Yan W, Su JC,
Murrell DF (2017) A Review of 52 Pedigrees with
Epidermolysis Bullosa Simplex Identifying Ten
Novel Mutations in KRT5 and KRT14 in Australia.
Acta Derm Venereol 97(9): 1114-1119.

Komori T, Dainichi T, Masuno Y, Otsuka A, Nakano
H, Sawamura D, Ishida-Yamamoto A, Kabashima K
(2018) p.Glu477Lys mutation in keratin 5 is not
necessarily  mortal in  generalized severe
epidermolysis bullosa simplex. J Dermatol 45(8):
€209-e210.

Lalor L, Titeux M, Palisson F, Fuentes I, Yubero MJ,
Tasanen K, Huilaja L, Has C, Tadini G, Haggstrom
AN, Hovnanian A, Lucky AW (2019) Epidermolysis
bullosa simplex-generalized severe type due to
keratin 5 p.Glu477Lys mutation: Genotype-
phenotype correlation and in silico modeling analysis.
Pediatr Dermatol 36(1): 132-138.

Li H ,Durbin R (2009) Fast and accurate short read
alignment with Burrows—Wheeler transform.
bioinformatics 25(14): 1754-1760.

Miiller FB, Anton-Lamprecht I, Kiister W, Korge BP
(1999) A premature stop codon mutation in the 2B
helix termination peptide of keratin 5 in a German
epidermolysis bullosa simplex Dowling-Meara case.
J Invest Dermatol 112(6): 988-90.

Sathishkumar D, Orrin E, Terron-Kwiatkowski A,
Browne F, Martinez AE, Mellerio JE, Ogboli M,

Hoey S, Ozoemena L, Liu L, Baty D, McGrath JA,
Moss C (2016) The p.Glu477Lys Mutation in Keratin
5 Is Strongly Associated with Mortality in
Generalized Severe Epidermolysis Bullosa Simplex.
J Invest Dermatol 136(3): 719-721.

Schumann H, Roth W, Has C, Volz A, Erfurt-Berge
C, Magin TM, Bruckner-Tuderman L (2012)
Verrucous carcinoma in epidermolysis bullosa
simplex is possibly associated with a novel mutation
in the keratin 5 gene. Br J Dermatol 167(4): 929-36.

Schwarz JM, Cooper DN, Schuelke M, Seelow D
(2014) MutationTaster2: mutation prediction for the
deep-sequencing age. Nat Methods 11(4): 361-362.

Stephens K, Ehrlich P, Weaver M, Le R, Spencer A,
Sybert VP (1997) Primers for exon-specific
amplification of the KRTS5 gene: identification of
novel and recurrent mutations in epidermolysis
bullosa simplex patients. J Invest Dermatol 108(3):
349-53.

Vidal F, Aberdam D, Miquel C, Christiano AM,
Pulkkinen L, Uitto J, Ortonne J-P, Meneguzzi G
(1995) Integrin P4 mutations associated with
junctional epidermolysis bullosa with pyloric atresia.
Nature Genetics 10: 229.

Wang K, Li M, Hakonarson H (2010) ANNOVAR:
functional annotation of genetic variants from high-
throughput sequencing data. Nucleic Acids Res
38(16): el64.

Wertheim-Tysarowska K, Oldak M, Giza A,
Kutkowska-Kazmierczak A, Sota J, Przybylska D,
Wozniak K, Sniegérska D, Niepokéj K, Sobczynska-
Tomaszewska A, Rygiel AM, Ploski R, Bal J,
Kowalewski C (2016) Novel sporadic and recurrent
mutations in KRTS5 and KRT14 genes in Polish
epidermolysis bullosa simplex patients: further
insights into epidemiology and genotype-phenotype
correlation. J Appl Genet 57(2): 175-81.

227



Ma Thi Huyen Thuong et al.

PHAT HIEN POT BIEN DE NOVO TREN GEN KRT5 GAY RA LY THUQNG BI
BONG NUOC PON HINH BANG GIAI TRINH TU TOAN BQ HE GEN MA HOA O
MOQT BENH NHAN VIET NAM

Ma Thi Huyén Thwong'?, Ping Tién Truong’, Nguyén Hai Ha'%, Nguyén Ping Ton'?

Wién Nghién ciru Hé gen, Vién Han ldm Khoa hoc va Cong nghé Viét Nam
’Hoc vién Khoa hoc va Cong nghé Viét Nam, Vién Han ldm Khoa hoc va Cong nghé Viét Nam
3Hoc vién Quin'Y

TOM TAT

'Ly thuong bi bong nu6e don hinh (EBS) la mét phan nhom cua ly thuong bi bong nude (EB),
chiém 75-85% cac trudng hop EB. Nguyén nhan gy ra EBS ¢ hau hét cac truong hop 1a do dot bién
trén gen KRTS hodc KRT14, ma hoa lan luot cho protein keratin 5 va keratin 14, lam suy giam tinh
toan ven cdu triic cia cic si trung gian ghép n6i nay va biéu hién trong su dut gdy cua cac té bao
biéu mo simg co ban va biéu mo bi phong rop sau d6. Nghién ctru nay tién hanh xac dinh dot bién
gdy bénh & mdt bénh nhan EB Viét Nam, st dung phuong phap giai trinh tu toan b hé gen ma hoa
(WES). Chiing t6i da phat hién dugc mot dot bién phét sinh méi (de novo) gy bénh & dang di hop tir
trén exon 7 ciia gen KRTS. Dot bién nay dan dén sy thay thé axit glutamic thanh lysine & vi tri 477
(p.E477K) trén phén tir protein. p.E477K c6 lién quan chat ché dén mirc @6 biéu hién bénh tir rat ning
dén tir vong & cac truong hop EBS nghiém trong suy rong (GS-EBS), dac trung boi cac triéu chimg
nghiém trong khi m&i sinh, dugc cai thién khi 16n 1én va tién trién voi biéu hién day simg 1ong ban
tay va loan sin méng. Phat hién nay gop phan ho trg trong chan doan phan tir, dy doan tién lwong ciia
bénh nhan mac GS-EBS gay ra bai p.E477K, dong thoi c6 y nghia trong tur Vén di truyén cho gia dinh
vé nguy co tai phat cho nhiing 1an mang thai sau nay.

Tw khoa: Ly thuong bi bong nudc don hinh, KRTS, giai trinh toan by hé gen ma hoa
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